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Art.  L — Contributions  to  Meteorology^  being  results  derived  from 
an  examination  of  the  Observations  of  the  United  States  Signal 
Service^  and  from  other  sources ;  by  Elias  LooMis,  Professor 
of  Natural  Philosophy  in  Yale  College.  Eighth  paper. 
With  plates  I  and  II. 

[Read  before  the  National  Academy  of  Sciencefli  New  York,  October  24,  1877.] 

« 

The  origin  and  development  of  storms. 

In  order  to  determine  the  circumstances  under  which  storms 
originate,  and  ultimately  acquire  their  full  intensity,  I  selected 
from  the  published  volumes  of  the  Signal  Service  observations 
(September,  1872,  to  May,  1874),  all  those  cases  in  which  the 
barometer  fell  below  29*26  inches  at  any  station.    It  was  found 
that  the  barometer  on  Mt.  Washington  was  frequently  very 
much  lower  than  at  the  neighboring  stations,  Burlington  and 
Portland,   indicating  some   peculiarity   of  this  station.      All 
these  cases  were  therefore  set  aside,  and  reserved  for  separate 
examination.     During  the  entire  period  under  discussion,  the 
mean  height  of  the  barometer  at  Virginia  City  was  nearly  a 
third  of  an  inch  lower  than  at  the  neighboring  stations,  and 
these  observations  were  therefore  eliminated   from   my   list. 
There  remained  one  hundred  and  forty-eight  cases  in  which 
the  barometer  fell  below  29*25  inches  at  some  one  of  the  other 
stations.     Sometimes  at  the  same  hour  the  barometer   was 
below  29'25  inches  at  a  considerable  number  of  stations  all 
included  within  the  same  low  area.     In  such  cases  only  one  of 
the  stations  is  included  in  the  table,  viz.,  the  station  at  which 
the  barometer  was  lowest.     These  one  hundred  and  forty-eight 
cas^s  correspond  to  forty- four  different  storms,  and  are  shown 
in  the  following  table,  in  which  column  1st  shows  the  number 
of  the  storm ;  column  2d  shows  the  date  at  which  the  barome- 
ter was  below  29  25  inches;  column  8d  shows  the  least  height 
of  the  barometer  observed  at  that  hour  ;  column  4th  shows  the 
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2  E.  Loomts — Observations  ofOitU.S.  Signal  Service. 

name  of  the  station  at  which  the  given  height  was  observed  ; 
column  6th  shows  the  total  raiii-fall  (in  inches)  for  the  preced- 
ing eight  houra,  at  aU  the  statious  included  within  the  nrea  of 
low  biirometer;  column  6th  shows  the  date  of  tlie  storm's 
origin  so  far  as  can  be  determined  from  the  observations; 
column  7th  shows  the  locality  where  the  storm  originated.  In 
order  to  reduce  the  dimensions  of  the  table,  the  localities  are 
denoted  by  symbols  whose  significance  is  explained  on  page  5. 
Column  8th  shows  the  total  raiii-fall  (in  inches)  for  the  eight 
hours  preceding  the  date  in  column  6th,  at  all  the  stations 
included  within  a  circle  of  six  hundred  miles  in  diameter, 
inclosing  the  locality  named  in  column  7th  ;  column  10th 
shows  the  direction  of  an  area  of  high  barometer  on  the  ciiPt 
side  of  the  locality  where  the  storm  originated ;  column  11th 
shows  the  distance  of  this  high  pressure  in  miles,  and  column 
9th  shows  the  height  of  the  barometer  at  that  point  Columns 
12,  13  and  14  show  similar  particulars  on  the  west  side  of  the 
locality  named  in  column  7th.  Several  additional  columns 
which  I  had  prepared,  I  am  obliged  to  omit  in  order  to  reduce 
the  table  to  the  limits  of  the  page  of  this  Journal. 
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11.3 

■14 

13.3 

28'86 

Cape  Rosier 

13.1 

28-B6 

Cape  Roaier 

■56 

13.S 

30-00 

Cape  Rosier 

13..1 

29-12 

Cape  Risier 

■09 

I6.S 

2912 

Fort  SuUy 

6-86 

Mar.  13 

MOQ. 

■03 

■41 

East 

740 

19.3 

29' 19 

Quebec 

r77 

ST 

19.3 
30.1 

20.2 

28-97 
2915 

■24 

Father  Point 
Sydney 

Sydney 

1-23 
■21 
■08 

3B 

April  13.2 

-17 

Port  SiUly 

-40 

April  11 

Ut. 

0 

.45 

N.64E. 

940 

12.3 

■24 

Fort  Sully 

■32 

26.1 

■13 

BoBton 

6-34 

April  23 

0.  M. 

■07 

■17 

N.  lea 

1200 

-13 

N.  71 

S8 

36.2 

■33 

Eastport 

319 

26.3 

Halitoi 

r92 

37.1 

■)4 

Sydney 

■71 

30.1 

29^ll 

Father  Point 

3^00 

April  36 

Wy. 

0 

■24 

N.GCE 

770 

-19 

Weat 

30.2 

38^97 

Fatlier  Prant 

1-66 

40 

30.3 
May     1.1 

29-11 

■Ou 
■22 

Quebec 

Father  Point 
Father  Poiat 

■64 

■4( 

April  302 

■13 

Fori  Sully 

April  39 

Dak. 

"o 

■38 

t:«at 

620 

30.3 

■3(1 

Fort  Sully 

■01 

41 

""  li 

■ic 

■23 

Fort  Sully 
Omaha 

■OS 

-11 

S.1 

■25 

Omaha 

1-SG 

2.! 

■17 

LeaTPn  worth 

2'63 

S.3 

■05 

Fort  Sully 

■61 

May    7 

Mod. 

■23 

S.64  E.13I0 

a.3 

Fort  Sully 

■04 

■a 

8.1 

■17 

Fort  Sully 

■92 

9.3 

■01 

Fort  Sully 

2^l>4 

9.3 

■16 

Fort  Sully 

■92 

!M 

-24 

7  08 

May   21 

Dak. 

■30 

8.80  a 

140 

43 

26.2 

■17 

Ottuwa 

8-78 

25.3 

■24 

Ottawa 

619 

36.2 

■16 

Port  Sully 

May  35 

Mon. 

0 

■30 

9.30  E 

fifiO 

44 

37.2 

■16 

Fort  SiJIy 

3^14 

27.3 

-24 

Port  Sully 
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Of  these  forty-four  storms,  thirty-two  occurred  during  the  five 
moDths  from  November  to  March,  and  only  two  occurred  dur- 
ing the  four  months  from  June  to  September. 

The  third  column  of  the  following  table  shows  the  number 
of  cases  in  which  a  storm  originated  in  each  of  the  different 
localities  named  in  column  2d.  The  first  column  shows  the 
letters  by  which  the  locality  was  designated  in  column  7th  of 
the  table  on  pages  2  to  4. 


^rmtML     Where  storm  orlsbutted. 


P.O. 

n-  W. 
Or. 
Ut 

XL  Mo. 
Moo. 
Wy. 
CoL 
N.  M. 


Pacific  Oceaiif  north  of 
Washington  Territory. 
North  of  Wash'n  Terr. 
Or^on. 
Utah. 

North  of  Montana. 
Montana. 
Wyoming. 
Colorado. 
New  Mexico. 


Caaes. 

Symbol.' 

n.  D. 

2 

Dak. 

4 

Neb. 

1 

n.  T. 

1 

n.  Mi. 

7 

Ark. 

6 

G.  M. 

2 

Ala. 

2 

Cub. 

6 

A.  0. 

Where  storm  originated. 


North  of  Dakota. 

Dakota. 

Nebraska. 

Northern  Texas. 

North  of  Michigan. 

Arkansas. 

Gulf  of  Mexico. 

Alabami^. 

Near  Cuba. 

Atlantic  0.,  near  lat 


37* 


Caaea. 


We  see  that,  of  the  forty-four  storms  here  recorded,  two 
apparently  came  from  the  Pacific  Ocean  north  of  the  United 
States  boundary;  four  others  came  from   nearly   the  same 
locality ;  one  came  from  Oregon  and  one  from  Utah ;  that  is, 
eight  appear  to  have  had  their  origin  on  the  west  side  of  the 
Bocky  Mountains.     Of  the  thirty-six  remaining  cases,  seven 
appear  to  have  originated  north  of  Montana,  five  in  Montana, 
two  in  Wyoming,  two  in  Colorado,  and  five  in  New  Mexico ; 
that  is,  twenty -t)ne  appear  to  have  originated  upon  or  very  near 
to  the  chain  of  the  Rocky   Mountains.     Seven   other  cases 
appear  to  have  originated  west  of  the  meridian  of  95°  from 
Greenwich,  viz :  one  north  of  Dakota,  four  in  Dakota,  one  in 
Nebraska  and  one  in  Northern  Texaa     Six  other  cases  appear 
to  have  originated  west  of  the  meridian  of  83°  from  Greenwich, 
viz:  one  north  of  Michigan,  one  in  Arkansas,  one  in  Alabama 
and  three  in  the  Gulf  of  Mexico.     Besides  these,  one  appeared 
to  originate  near  Cuba,  and  one  in  the  Atlantic  Ocean  not  far 
from  Cape  Henry.     We  thus  see  that  our  great  storms  are  not 
confined  in  their  origin  to  any  particular  locality,  but  half  of 
them  originate  upon  or  very  near  the  chain  of  the  Bocky 
Mountains.     More  than  two-thirds  of  the  whole  number  origi- 
nate north  of  latitude  36°. 

The  first  stage  in  the  development  of  each  of  these  storms  was 
an  area  several  hundred  miles  in  diameter,  over  which  the  height 
of  the  barometer  differed  but  little  from  thirty  inches,  with  an 
area  of  high  barometer  both  on  the  east  and  west  sides,  and  at 
a  distance  of  about  1,000  milea  In  the  few  cases  in  which  a 
high  barometer  is  not  reported  on  both  sides  of  the  origin,  it  is 
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because  the  area  of  the  observations  was  not  sufficiently  ex- 
tended. The  mean  value  of  the  high  barometer  on  the  east 
side  was  3042  inches,  and  the  mean  distance  1,038  miles  ;  on 
the  west  side  the  values  were  80'81  inches  and  977  miles.  If 
the  area  of  the  observations  had  been  sufficiently  extended 
towards  the  north,  it  is  presumed  there  would  sometimes  have 
been  found  three  areas  of  high  barometer  within  a  distance  of 
1,000  miles  from  the  locality  where  the  storm  originated.  On 
Hoffmeyer*s. storm  charts  we  frequently  find  three  areas  of  high 
barometer  and  occasionally  four  areas  of  high  barometer  sur- 
rounding an  area  of  low  barometer. 

These  areas  of  high  barometer  are  regarded  as  one  of  the 
causes,  and  generally  the  most  important  cause  of  the  storm 
which  succeeds.  Two  such  areas  of  high  barometer  create  a 
tendency  of  the  air  towards  an  intermediate  point,  and  the 
currents  thus  set  in  motion  are  deflected  to  the  right  by  the 
earth's  rotation,  whence  results  a  diminished  pressure  over  the 
central  area.  This  diminished  pressure  causes  a  still  stronger 
inward  flow  of  the  air,  which  results  in  a  still  greater  depres- 
sion of  the  barometer.  Since  the  air  presses  in  on  all  sides 
towards  this  area  of  low  barometer,  the  area  tends  to  assume 
an  oval  form,  which  may  become  sensibly  circular  if  the  winds 
are  very  violent,  and  the  centrifugal  force  resulting  from  this 
revolving  motion  causes  a  still  further  depression  of  the  bar- 
ometer. This  partial  vacuum  would  be  soon  filled,  and  the 
inward  movement  of  the  air  would  cease  were  it  not  for  an 
upward  motion  by  which  the  inflowing  air  escapes.  The  air  in 
its  upward  motion,  carrying  with  it  a  large  amount  of  aqueous 
vapor,  is  cooled,  and  its  vapor  is  condensed,  producing  rain. 
The  heat  which  is  liberated  in  the  condensation  of  this  vapor 
causes  a  further  expansion  of  the  air,  and  increases  the  force  of 
the  inward  movement  of  the  wind.  Rain  is  then  one  of  the 
circumstances  which  increases  the  force  of  a  storm,  and  it 
invariably  attends  storms  when  they  have  attained  to  consider- 
able violence,  as  is  shown  by  the  rain-fall  in  column  6th  of 
the  table  on  page  2.  This  table  generally  shows  a  large  rain- 
fall whenever  the  storm  is  so  situated  as  to  permit  observations 
on  its  eastern  side ;  but  when  the  center  of  the  storm  passes 
eastward  bevond  our  stations  of  observation,  the  observea  rain- 
fall rapidly*^  diminishes.  See  Nos.  1,  9,  10,  11,  23,  84,  86 
and  37. 

I  have  shown  in  my  7th  paper,  pp.  14,  15,  that  an  area  of 
low  barometer  of  considerable  magnitude  may  be  formed  and 
continue  for  several  days  with  very  little  ram ;  but  in  these 
cases  the  barometer  was  never  observed  to  fall  as  low  as  29*25 
inches ;  and  it  will  be  noticed  that  some  rain  was  invariably 
reported  whenever  the  barometer  fell  below  29*4  inchei^  and 
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generally  there  was  some  rain  reported  whenever  the  barometer 
fell  below  29*5  inches.  I  have  found  no  storm  of  great  violence 
which  was  not  accompanied  by  a  considerable  fall  of  rain. 
Rainfall  is  not,  however,  generally  the  cause  of  that  first  move- 
ment of  the  wind  which  results  in  a  great  barometric  depres- 
sion. This  appears  from  column  8th  of  the  table  on  page  2, 
which  shows  that  over  a  circle  of  600  miles  in  diameter  sur- 
rounding the  locality  where  the  storm  originated,  in  thirty-one 
cases  no  rain  for  the  preceding  eight  hours  was  reported  from 
any  station,  and  in  only  one  instance  did  the  total  rain-fall 
within  this  circle  exceed  one-tenth  of  an  inch.  It  may  be  said 
that  in  the  neighborhood  of  these  localities  the  stations  were 
few  in  number,  and  that  rain-fall  may  have  occurred  at  inter- 
mediate points  from  which  we  have  no  reports.  But  in  at  least 
a  quarter  of  all  the  cases,  this  circle  of  600  miles  in  diam- 
eter included  as  many  as  four  or  live  stations,  so  that  we 
seem  fully  justified  in  concluding  that  generally  the  inward 
movement  of  the  air  toward  a  central  area  begins  before  there 
is  any  considerable  precipitation  of  vapor. 

After  an  area  of  low  .barometer  has  been  formed,  it  soon 
be^ns  to  change  its  position.     This  movenient  appears  to  be 
mainly  determined  by  the  same  causes  which  control  the  general 
circulation  of  the  atmosphere.     Throughout  the  United  States 
(with  the  exception  of  the  extreme  southern  margin)  the  aver- 
age annual  progress  of  the  wind  is  from  west  to  east,  and  this 
movement  is  determined  by  causes  which  are  general  in  their 
operation,  and  cannot  be  permanently  changed  by  the  influence 
of  local  storms.     When  an  area  of  low  barometer  is  formed, 
the  wind  sets  in  both  from  the  east  and  west  sides  to  restore 
the  disturbed  equilibrium.     The  partial  rarefaction  of  the  air 
causes  an  inward  pre&sure  of  the  wind  on  the  east  side  which 
is  balanced  by  an  equal  pressure  of  the  wind  from  the  west 
side  arising  from  the  same  cause.     But  on  the  west  side  there 
is  an  additional  pressure  eastward  resulting  from  that  cause 
which  determines  the  general  circulation  of  the  atmosphere, 
and  which  would  exist  even  if  there  were  no  local  disturbance. 
This  pressure  is  not  limited  to  the  center  of  the  storm,  but 
extends  to  the  entire  mass  of  air  which  is  disturbed  bv  the 
J^tonn,  and  generally  extends  much  beyond  these  limits,  and  at 
all  points  is  exerted  nearly  in  parallel  lines.     Moreover,  the 
disturbance  of  the  atmosphere  by  storms  is  mainly  confined  to 
the  lower  half  of  the  atmosphere,  while  the  regular  movement 
of  the  upper  half  is  much  less  disturbed.     The  force  of  this 
upper  current  from  the  west,  combined  with  that  of  the  lower 
half  of  the  atmosphere,  pressing  upon  the  west  side  of  an  area 
of  low  barometer  tends  to  till  up  the  depression  upon  that  side. 
On  the  east  side  of  the  storm,  it  is  mainly  the  lower  portion  of 
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the  atmosphere  which  presses  inward,  while  the  upper  portion 
is  still  moving  from  the  west.  Thus  while  under  the  influence 
of  the  earth's  rotation  upon  the  inflowing  current,  the  barome- 
ter is  continually  falling  on  the  east  side  of  the  storm,  the 
pressure  is  being  restored  on  the  west  side;  that  is,  the  center 
of  least  pressure  advances  in  the  direction  of  the  general  sys- 
tem of  atmospheric  circulation.  This  reasoning  applies  not 
merely  to  the  easterly  motion  of  storms  in  middle  latitudes, 
but  also  to  the  westerly  motion  of  storms  within  the  tropics. 

There  is  a  third  circumstance  which  appears  to  have  an 
important  influence  upon  the  progress  of  storms  in  the  middle 
latitudes.  The  upward  motion  of  the  air  which  always  pre- 
vails within  an  area  of  low  barometer  takes  place  principally 
on  the  east  side  of  the  low  center,  as  is  indicatecl  by  the  position 
of  the  rain-areas  described  in  my  7th  paper.  By  this  upward 
motion,  the  air  which  presses  in  upon  the  east  side  of  the  low 
center  is  prevented  from  restoring  the  equilibrium  of  pressure 
upon  that  side,  while  there  is  less  of  this  upward  movement  on 
the  west  side  of  the  low  center.  Thus  the  low  center  is 
steadily  transferred  toward  the  eas.t,  or  the  storm  travels 
eastward. 

The  areas  of  high  barometer  which  uniformly  mark  the 
commencement  of  a  storm,  invariably  attend  it  during  its  pro- 
gress eastward.  During  the  progress  of  the  storms  recorded  in 
the  table  on  page  2,  the  average  value  of  the  high  barometer 
on  the  east  side  was  30*89  inches,  and  on  the  west  side  30*32 
inches,  which  numbers  are  almost  identical  with  the  values 
found  for  the  commencement  of  the  storms,  showing  that 
although  the  wind  had  been  blowing  outward  from  these 
areas  of.  high  barometer  for  several  days,  the  magnitude  of  the 
high  barometer  had  not  been  diminished.  Hence  we  conclude 
that  these  areas  of  high  barometer  must  be  constantly  recruited 
by  air  which  flows  toward  them  in  the  upper  regions  of  the 
atmosphere,  and  this  supply  evidently  comes  from  the  areas  of 
low  barometer.  In  other  words,  dunng  the  progress  of  storms, 
the  surface  winds  are  moving  from  areas  of  high  barometer 
toward  areas  of  low  barometer;  and  the  upper  winds  are 
moving  from  areas  of  low  barometer  toward  areas  of  high 
barometer. 

An  inspection  of  column  4th  of  the  table  on  page  2,  shows 
that  these  cases  of  low  barometer  occur  most  frequently  in  the 
neighborhood  of  the  Atlantic  Ocean.  This  will  appear  from 
the  following  table,  in  which  the  stations  are  dividea  into  three 
classes ;  one  class  including  the  stations  near  the  Atlantic 
coast  or  the  Gulf  of  St.  Lawrence,  a  second  class  including  the 
stations  between  the  preceding  class  and  the  meridian  of  92** 
from  Greenwich,  the  third  class  including  stations  west  of  the 
meridian  of  92®. 


Observatuma  of  the  United  States  Signal  Service. 


9 


Near  Uie  Atiantic  coast 

From  the  coast  to  long.  92*". 

West  of  longitude  92^ 

SUiOon. 

Lat. 

11 

SUtlon. 

Lat. 

Gases. 
3 

SUUOD. 

Lat. 

Cases. 

Cape  Rosier 

48 ''52' 

Marquette 

46*  33' 

Fort  Garry 

49''  51' 

8 

Father  Point 

48  31 
47     3 

6 
2 

Efloanftbfl 

45  46 

45  31 

2 

1 

Fort  Benton 
Duluth 

47  62 
46  48 

Chatham 

Montreal 

Quebec 

46  48 

17 

Ottawa 

45  26 

2 

Portland,  Or. 

45  30 

Sjdney 

46     8 

17 

Alpena 

45     5 

2 

St.  Paul 

44  53 

Eastport 

44  55 

Grand  Haven 

43     5 

1 

Fort  Sully 

44  39 

17 

Halifax 

44  39 

11 

Milwaukee 

43     3 

3 

Tankton 

42  45 

Barlington 

44  29 

Buffalo 

42  53 

1 

Omaha 

41  16 

3 

PortUnd,  Me. 

43  40 

Dubuque 

42  30 

2 

Leavenworth 

39  19 

2 

BoctoQ 

42  21 

Oswego 

42  28 

1 

New  London 

41   22 

Keokuk 

40  23 

1 

Cape  May 

38  56 

Norfolk 

36  51 

Wilmington 

34  11 

Pimta  Baaaa 

26  29 

2 

We  see  that  cases  of  low  barometer  occur  most  frequently  at 
the  northern  stations,  and  none  have  occurred  south  of  latitude 
89®  except  on  the  Atlantic  coast     The  cases  of  low  barometer 
appear  to  be  pretty  uniformly  distributed  along  the  diflFerent 
meridians  until  we  come  within  two  hundred  miles  of  the 
Atlantic  coast,   with  but  one    exception,  viz.,    Fort    Sully. 
There  is  reason  to  suspect  that  in  1874  the  readings  of  the 
barometer  at  this  station  were  too  low.     During  the  first  six 
months  of  1874  the  mean  height  of  the  barometer  at  this  station 
was  more  than  one-tenth  of  an  inch  below  that  of  the  neigh- 
boring stations  Duluih,  Breckenridge  and  Yankton.    If  we 
apply  this  correction  to  the  observations  reported  at  Fort  Sully, 
the  number  of  cases  at  this  station  below  29*25  inches  will  be 
reduced  to  four,  which  accords  very  well  with  the  results  at 
other  western   stations.      The  observations  at  Cape  Rosier, 
Father  Point  and  Sydney  did  not  commence  until  November, 
1878,  and  those  at  Chatham  in  October,  1873.     There  is  then 
a  sadden  increase  in  the  violence  of  storms  on  approaching  the 
Atlantic  coast,  and  this  may  be  ascribed  to  the  increased  sup- 
ply of  aqueous  vapor  coming  from  the  ocean  and  the  Gulf 
otream.    This  increased  supply  of  vapor  results  in  an  increased 
fall  of  rain  ;  that  is,  increased  expansion  of  the  air,  causing  an 
increased  violence  of  the  wind,  and  hence  diminished  pressure. 
In  nine  of  the  cases  included  in  the  table  on  page  2,  the 
velocity  of  the  wind  was  reported  zero,  and  in  thirty-one  cases 
the  velocity  did  not  exceed  five  miles  per  hour,  showing  that 
near  the  center  of  an  area  of  low  pressure  there  is  usually  a 
period  during  which  the  air  is  almost  entirely  calm. 

In  fifty-three  of  the  cases  included  in  the  table,  no  rain  was 
reported  for  the  preceding  eight  hours  at  the  station  where  the 
barometer  was  lowest ;  and  in  seventy-eight  of  the  cases  the 
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rain-fall  was  less  than  one-tenth  of  an  inch,  showing  that  the 
principal  rain-fiill  does  not  take  place  at  the  center  of  a  low 
area,  out  considerably  to  the  east  of  that  center. 

An  area  of  low  barometer  may  have  considerable  progres- 
sive motion  when  there  is  no  rain-fall,  as  is  shown  in  several 
examples  quoted  in  my  7th  paper;  but  the  abundant  raio-fnll 
which  usually  accompanies  great  barometric  depressions  lends 
greatly  to  modify  the  movement  of  the  storm's  center.  Since 
this  rain-fall  takes  place  chiefiy  on  the  east  .side  of  the  low 
center,  the  heat  which  is  liberated  in  tlie  condensation  of  the 
aqueous  vapor  causes  a  stronger  inflow  of  air  on  the  east  side  and 
a  continued  fsill  of  the  barometer  on  that  side.  If  there  should 
be  a  great  precipitation  of  vapor  on  the  west  side  of  the  center  of 
least  pressure,  this  must  be  accompanied  by  ascending  currents 
of  air  on  that  side  wbicb  would  oppose  the  .establishment  of 
the  equilibrium  of  pressure  on  that  side,  and  the  cenler  of  the 
storm  may  be  held  stationary  or  even  diverted  to  the  wesL 
This  appears  to  aifoi-d  the  explanation  of  the  phenomenon  of 
stationary  storms,  of  which  No.  S6  in  the  table  on  page  2  is  a 
very  remarkable  example.  This  storm  traveled  from  Montana 
to  Nova  Scotia  at  the  rate  of  twenty-four  miles  per  hour;  but 
from  March  9th  to  March  10th,  when  near  Nova  Scotia,  its 
motion  did  not  exceed  three  miles  per  hour.  From  the  10th 
to  the  11th  its  motion  was  scarcely  tilteen  miles  per  hour,  and 
from  the  11th  to  the  14th  the  center  oscillated  to  and  fix>,  its 
average  rate  of  progress  for  the  three  days  being  lees  than 
three  miles  per  nour.  Tliis  period  was  characterized  by  a 
heavy  fall  of  snow  on  the  west  side  of  the  center  of  low  pres- 
sure, as  is  shown  by  the  following  table 

PrtfipUation,  March  9-14,  1874, 


9.11  9.2 

9.3|!0.1  iO,2 

10.3 

11.1  11.2 

ll-:i 

12.1 

12.2 
■M 

12.3 

13.1 

i3.a 

13.3 

14.1 

" 

Bochesler 

■13 

■11 

■01 

■10 

'IJ?I 

■02;  ■Ol 

■22 

•fla 

•If) 

■Oft 

■  ■M 

■II 

ii:- 

■V.l 

■■u 

■ii\ 

■01 

H 

-If 

-II 

■11 

■30;  -It 

QoBbec 

■at 

■3f 

■ir 

■Bl 

-it 

■10 

■i< 

■1 

Father  Point 

•01 

MIF 

■;ifi 

■tth 

■01 

■Sf 

Gape  Iloeinr 

■11 

■K 

■15.  ■oe 

■u 

-If 

M 

ChBtham 

-]7;   -30 

-14 

! 

;  -01 

■01 

1 

The  date  is  given  at  the  top  of  each  column,  and  the  precipita- 
tion, which  was  chiefly  in  the  form  ofsnow,  is  expressed  in  inches 
of  water.  We  see  that  during  these  five  days  the  average  pre- 
cipitation was  more  than  one  inch  of  water,  which  corresponds 
to  about  one  foot  of  snow,  and  this  snow-fall  extended  west- 
ward 1,000  miles  from  the  center  of  least  pressure,  and  there 
was  considerable  precipitation  even  beyond  these  limits.  This 
remarkable  precipitation  of  vapor  which  (^ntinued  so  long  and 
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extended  over  so  large  an  area  on  the  west  side  of  the  low 
centre,  is  believed  to  have  been  the  cause  of  the  slow  eastward 
pro^resa  of  the  storm. 

This  unusual  precipitation  on  the  west  side  of  the  storm  is 
ascribed  in  part  to  an  east  wind  which  prevailed  at  a  moderate 
elevation  above  the  earth's  surface,  while  a  strong  wind  from 
the  west  or  northwest  prevailed  at  the  surface  of  the  earth. 
This  fact  is  showL  by  the  following  observations  of  the  wind 
and  the  upper  clouds  at  Portland,  Eastport  and  Halifax. 


Pmle. 

BUUOD. 

wwa. 

Clooti. 

Uucb  11.1 
11.3 
11.3 

ia.1 
111 

Halifax 
Halifax 

Portland 

N.  W. 

s.  w. 
w. 

N.W. 

w. 

E. 

S. 
B. 
E. 

The  precipitation  on  the  west  side  of  the  low  center  ceased 
March  14th,  and  after  that  date  the  low  center  traveled  rapidly 
fastwanl.  From  the  14th  to  the  IBtli  its  average  progress  was 
twenty-nine  miles  per  hour,  from  the  15th  to  the  16th  it  was 
lorty-seven  miles  per  hour,  from  the  16th  to  the  17th  it  was 
thirty-six  miles  per  hour,  from  the  17tli  to  the  18th  it  was  only 
thirteen  miles  per  hour,  and  from  the  18th  to  the  19th  when  oflf 
North  Cape  it  was  only  eight  miles  per  hour.  The  progress  of 
ihia  storm  from  Montana  to  the  North  Cape  is  shown  on  Chart 
land  the  isobaric  curves  show  that  thete  was  a  sudden  in- 
crease in  the  violence  of  the  storm  on  approaching  the  Atlantic 
coast 

Na  10  of  the  table  on  page  2  presents  another  example  of  a 
nearly  stationary  storm.  From  February  22d  to  tlie  2-tth  the 
center  of  this  storm  remained  for  forty-eight  hours  near  Quebec, 
snd  for  the  next  two  days  the  storm  traveled  very  slowly,  but 
I  have  no  means  of  determining  the  exact  position  of  the  low 
center.  The  following  observations  show  that  at  this  time 
there  was  an  unusual  precipitation  on  the  west  side  of  the 
storm's  center. 

livcipittttion,  February  22-26,  1873. 


Ul  Waehingtou 

Qoebec 


No.  40  of  the  table  on  page  2  presents  another  example  of 
:  the  same  kind.  The  center  of  this  storm  remained  near  Father 
I  Point  from  the  morning  of  April  30th  for  about  two  days,  and 
was  four  days  in  reaching  St.  Johns,  Newfoundland.     In 
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this  case  also  there  was  an  unusual  precipitatioo  of  y&por  on 
the  west  side  of  the  center  of  low  pressure,  as  is  fifaown  oj  the 
following  table: 

Precipitation,  April  90-May  8, 1874. 


3C.1 

,■50.2 

30  3 

1.1 

13 

1.3  '  2.1  1  3.2 

93 

3-1 

3.a 
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-«ii 
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■RT 

■fin 

it 

■SO 

■an 

-lo 
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-ai 
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■02    '31     -18 

-06 

■114 

■SB 

Cspe  Rosier 

•HI 

■■n 

■01 

■1(1    -15     ■iO 

-211 

■i-O 

l-M 

Sydney 

-34 

■2a 

-11 

■09 

■7T 

A  still  more  remarkable  example  of  the  same  kind  occurred 
on  the  Atlantic  Ocean  in  the  winter  of  1874-5.  A  stonn  of 
unusual  violence  extended  entirely  across  the  Atlantic,  and  for 
many  days  the  center  of  the  storm  was  nearly  stationary.  On 
the  30th  of  December,  1874,  there  was  a  low  center  (barometer 
28-7  inches)  a  short  distance  south  of  Greenland,  with  an  area 
of  high  pressure  on  the  east  {barometer  80'5  inches)  and  an 
area  of  high  pressure  on  the  west  (barometer  SO'S).  On  the 
Slst  the  low  center  occupied  nearly  the  same  position  (barome- 
ter 28'3),  with  a  high  on  the  east  (bar.  SO^)  and  a  high  on  the 
west  (bar,  S08).  January  1st  the  low  was  nearly  stationary 
(bar.  28-7),  with  a  high  on  the  east  (bar.  30-5)  and  a  high  on 
the  west  (bar.  80-7),  January  2d  the  low  had  advanced  750 
miles  eastward  (bar.  28'9),  with  a  high  on  the  east  (bar.  30*5) 
but  the  high  on  the  west  had  nearly  disappeared  under  the 
inQuence  of  a  low  area  approaching  from  the  west.  January 
Sd  the  low  had  advanced  nearly  400  miles  further  east  (bar. 
28'7),  with  a  high  on  the  east  (bar.  80'5)  and  another  low  on 
the  west  (bar.  28'9)  followed  on  the  west  side  by  a  high  (bar. 
80'6).  January  4th  the  two  low  areas  had  blended  into  a  sin- 
gle low  area  (bar.  28-9),  and  the  center  of  least  pressure  was 
thereby  transferred  about  400  miles  westward,  with  a  high  on 
the  east  (bar.  805)  and  a  high  on  the  west  (bar.  30-7).  There 
was  at  this  time  a  subordinate  low  center  (bar.  29'7)  further 
east,  and  it  may  be  claimed  that  this  was  the  continuation  of 
the  storm  of  December  30th,  but  it  appears  to  me  more  reason- 
able to  consider  the  great  depression  of  January  4th  to  be  the 
continuation  of  that  of  December  SOth.  January  5th  the  low 
center  had  moved  a  little  southward  (bar.  28*9)  with  highs 
both  east  and  west  January  6th  the  low  had  moved  toward 
the  northwest  (bar.  28"9)  with  highs  both  east  and  west.  Jan- 
uary 7th  the  low  had  moved  considerably  to  the  south  (bar. 
28'5)  with  highs  both  east  and  west  January  8th  the  low  was 
nearly  stationary  (bar.  28^5)  with  a  high  on  the  east,  but  the 
high  on  the  west  was  nearly  broken  down  by  a  new  area  of 
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low  pressure  which  was  advancing  from  the  west    January  9th 
the  low  area  was  nearly  stationary  (bar.  28*7),  with  a  high  on 
the  east  much  reduced  (bar.  80*3)  and  an  equal  high  on  the 
west     January  10th  low  stationary  (bar.  28*7)  with  a  high  on 
the  east  (bar.  80*5),  with  a  small  low  on  the  west  (bar.  29*5) 
and  a  high  further  west  (bar.  30*6).     January  11th  the  two 
low  areas  coalesced  and  the  resulting  center  of  least  pressure 
was  thereby  carried  650  miles  westward  (bar.  28*5),  with  a 
high  on  the  east  (bar.  80*7)  and  a  high  on  the  west  (bar.  30*4). 
In  this  case  there  was  a  subordinate  low  center  (bar.  29*3) 
about  2,000  miles  in  a  northeast  direction,    which   has  the 
appearance  of  having  been  detached  from  the  larger  low  area 
smce  the  morning  oi  January  10th,  and  this  may  perhaps  be 
claimed  as  being  the  continuation  of  the  great  storm  of  the 
twelve  preceding  days ;  but  it  seems  to  me  most  reasonable  to 
regard  the  greater  low  area  as  bein^  the  continuation  of  that  of 
December  30th.     January  12th  the  low  was  stationary  (bar. 
27"9),  with  a  high  on  the  east  (bar.  30'7)  and  a  high  on  the 
west  (bar.  80*5).     The  barometer  had  now  attained  its  greatest 
depression,  and  the  area  of  low  pressure  (below  80  inches) 
stretched  entirely  across  the  Atlantic  Ocean,  including  the 
whole  of  Newfoundland  on  the  west  and  the  whole  of  Great 
Britain  on  the  east,  extending  southward  to  latitude  32^  and 
northward  bevond  latitude  70°.    Plate  11  represents  the  isobars 
for  January  12th  and  also  the  path  of  the  storm^s  center  from 
December  80th  to  January  18th.     January   13th   the  center 
was  nearly  stationary,  January  14th  it  had  moved  a  little  east- 
ward, January  16th  it  had  moved  a  little  northward,  and  dur- 
ing the  three  following  days  it  moved  a  little  eastward.     Thus 
on  January  18th  the  center  of  the  storm  was  only  900  miles 
eastward  of  its  position  on  December  30th,  and  it  was  2(X) 
miles  westward  of  its  position  January  3d.     The   principal 
westerly  motion  of  the  storm  center  appeared  to  result  from  the 
influence  of  another  low  center  advancing  from  the  west  and 
uniting  with  the  former.     This  result  took  place  January  4th 
and  again  January  11th,  and  also  January  15tb. 

This  entire  period  of  twenty  days  was  characterized  by 
winds  of  hurricane  violence  on  the  western  side  of  the  low 
center,  attended  by  extensive  precipitation,  which  on  the 
western  side  consisted  chiefly  of  snow  and  sleet,  with  very  low 
temperature,  the  thermometer  on  the  American  coast  remain- 
ing much  of  the  time  near  zero  of  Fahrenheit,  and  at  stations 
but  little  removed  from  the  coast  sinking  more  than  20°  below 
aero.  This  precipitation  is  believed  to  have  taken  place  chiefly 
over  the  ocean,  where  its  amount  could  not  be  measured.  The 
following  table  shows  the  precipitation  in  Newfoundland,  New 
Brunswick  and  its  vicinity,  and  also  shows  the  lowest  tempera- 
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ture  observed  each  day  at  two  of  the  stations  in  New  Bruns- 
wick and  one  in  Manitoba. 


Precipitation.  Jan. 

1-18,  1875. 

Lowest  Temperature. 

St. 

p^       1 

Chsr- 

Frede- 

Chat- 

Frede- 

Chat- 

Winni- 

Johns. 

Sydney. 

lottet'n. 

riekton. 

ham. 

Quebec. 

rlckton. 

ham. 

peg. 

Jan.   1 

004 

-  ^•4 

—  o^'-e 

-16''^G 

2 

•16 

0-36 

0-48 

075 

0-40 

-  33 

-  3-0 

—  27^8 

3 

100 

•49 

•36 

•75 

•26 

65 

-   1-0 

-26-3 

4 

•01 

-   9-5 

-  6-6 

-22-9 

5 

•10 

•06 

•01 

-   3-4 

-10*0 

—30-4 

6 

-12-6 

-11-3 

—29-5 

7 

•03 

•10 

•06 

•12 

-   6^5 

-113 

-24-5 

8 

120 

1-66 

1-60 

•93 

1-45 

•40 

-   6-6 

-  5^6 

-45-5 

9 

•10 

•16 

•28 

1^00 

—  131 

-15-3 

-39-2 

10 

100 

•31 

•16 

•16 

1^12 

-  1-8 

-  4^6 

-33-8 

11 

•10 

•01 

-20-7 

-lft^3 

-360 

12 

•02 

— 28^9 

-17-0 

-36-3 

13 

•60 

•01 

•70 

-158 

-14-3 

-365 

14 

•26 

•36 

•66 

•02 

■64 

•30 

1^8 

0^0 

-34-r 

15 

-  75 

—  8^8 

-29-9 

16 

•40 

-  33 

05 

-31-1 

11 

•30 

•09 

•09 

-   1-8 

-  1-3 

-34-2 

18 

-  6^4 

-  6-5 

-34-8 

Sum 

4-3Y 

3^11 

3-36 

2-93 

4*65 

2-93 

Over  the  Atlantic  Ocean  near  the  parallel  of  80°,  throughout 
the  month  of  January  the  mean  height  of  the  barometer  is 
about  80*1  inches.  During  the  twenty  days  now  under  ex- 
amination there  were  only  tour  days  in  which  the  pressure  in 
that  region  fell  below  80'8  inches.  Throughout  these  twenty 
days  there  was  always  an  area  of  high  pressure  on  the  east, 
varying  from  80*8  to  80  7  inches,  generally  at  a  distance  of  1,500 
to  2,000  miles.  On  five  days  the  center  of  greatest  pressure 
was  distant  at  least  8,000  miles,  but  there  was  always  a  pressure 
of  at  least  80*8  inches  within  a  distance  of  about  2,000  miles. 
On  the  west  there  was  always  an  area  of  high  pressure  varying 
from  804  to  80*8  inches,  and  generally  at  a  distance  of  about 
1,500  miles ;  but  on  five  days  its  distance  was  about  8,000 
miles.  It  is  not  known  whether  there  was  an  area  of  high 
pressure  on  the  north,  but  we  know  that  during  this  period 
the  temperature  at  the  north  was  extremely  low.  Throughout 
this  entire  period  there  was  therefore  a  cause  to  produce  a  wind 
from  four  aiffferent  directions  towards  the  center  of  this  storm, 
and  the  force  was  sufficient  to  set  the  air  in  motion  over  an 
immense  area.  The  usual  phenomena  attending  areas  of  low 
barometer  must  therefore  follow,  viz :  high  winds,  a  fall  of  the 
barometer,  and  a  precipitation  of  vapor.  On  the  present 
occasion  these  phenomena  were  exhibited  in  unusual  intensity, 
because  the  center  of  low  pressure  was  directly  over  the  Gulf 
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Stream,  where  the  temperature  of  the  water  in  January  is 
nearly  60°,  and  the  air  which  flowed  in  from  the  north  and 
west  was  excessively  cold.  It  seems  probable  that  this  cold 
northwest  wind  pushed  under  the  warmer  wind  from  the  south- 
east as  was  observed  in  the  storm  of  March  11,  1874,  and  that 
this  was  one  cause  of  the  unusual  precipitation  on  the  west 
side  of  the  storm-center  This  extensive  precipitation  on  the 
west  side  of  the  low  center  is  believed  to  have  been  the  prin- 
cipal cause  of  the  slow  progress  of  the  storm  eastward. 

Violent  Winds. 

In  order  to  determine  the  laws  which  govern  the  velocity  of 
the  wind  I  selected  from  the  published  volumes  of  the  Signal 
Service  observations  (September,  1872,  to  May,  1874,)  all  those 
cases  in  which  the  velocity  of  the  wind  amounted  to  forty 
miles  per  hour.  The  number  of  these  cases  was  250,  excluding 
the  observations  at  Mount  Washington  and  Pike's  Peak,  where 
high  velocities  are  very  common.  Of  these  250  cases,  eighty- 
two  were  reported  at  7:35  a.  m.,  ninety-one  at  4:35  P.  M.,  and 
seventy-seven  at  11  p.  M.  These  results  indicate  a  slight  influ- 
ence of  the  regular  diurnal  inequality  in  the  force  of  the 
winds,  but  the  inequality  depending  upon  the  hour  of  the  day 
is  only  one-fifth  as  great  as  is  found  in  the  average  of  the  daily 
observations  for  an  entire  year ;  showing  that  the  causes  which 
determine  the  force  of  the  daily  winds  have  but  little  influence 
in  controlling  the  force  of  the  most  violent  winds. 

The  following  table  shows  the  average  number  of  cases  of 
violent  winds  for  each  month  of  the  year : 


Month. 

CMes. 

Montti. 

CMes. 

Month. 

CMet. 

Jan. 

22 

May 

5 

Sept. 

3 

Feb. 

12 

June 

1 

Oct 

6 

March 

21 

July 

3 

Nov. 

23 

April 

20 

Aug. 

2 

Dec 

9 

Thus  we  see  that  during  the  six  months,  from  November  to 
April,  violent  winds  are  more  than  five  times  as  frequent  as 
during  the  other  six  months  of  the  year.  But  the  average 
force  of  the  daily  winds  for  the  former  period  is  only  one- 
fourth  greater  than  during  the  latter  period,  showing,  as  before 
stated,  that  the  causes  which  determme  the  force  of  the  daily 
winds  have  but  little  influence  in  controlling  the  force  of  the 
most  violent  winds. 

The  following  table  shows  the  number  of  cases  in  which  the 
wind  blew  from  each  of  the  eight  principal  points  of  the  com- 
pass at  the  time  of  these  high  velocities.  We  see  that  violent 
winds  come  from  a  northern  quarter  two  and  a  half  times  as 
frequently  as  they  do  from  a  southern  quarter,  and  they  sel- 
dom come  directly  from  the  south. 
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North 

....  iSaaea. 

South 
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....   IS      » 

Northwest 

The  following  table  shows  all  the  statioDs  at  which  these  vio- 
lent winds  were  reported  in  more  than  two  cases,  and  it  also 
shows  the  number  of  cases  for  each  of  the  eight  principal 
points  of  the  compass : 


Bredtenridge  .. 

ludiiiDoU 

FortSullj 

Tuikton 

Cape  Rotiet  ... 
Fsther  Point... 
Fort  Benton  . . , 
Bartport 


PembuiB 

Oraod  Haven .. 

Chef enne  

Milwaukee  .... 
Keokuk 

Knoxrille 

Fort  QibMo  . . . 

GalveatoD 

KejWeBt 


». 
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5 

2 

3 

1 

3 
3 

1 

1 

3 

I 
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S 

s 

1 

1 

? 

•2 

1 

, 

1 

The  observations  at  Cape  Rosier  and  Father  Point  embrace 
only  a  period  of  seven  months.  A  comparison  of  all  the  ob- 
servations indicates  a  decided  preponderance  of  high  velocities 
at  the  more  northern  stations.  In  order  to  determine  whether 
the  force  of  the  wind  generally  increases  with  an  increase  of 
latitude,  I  determined  the  mean  velocity  of  the  wind  at  all  the 
Signal  Service  stations  and  classified  the  observations  according 
to  the  latitude  of  the  stations.  The  following  table  shows  the 
results  at  all  the  stations  north  of  latitude  30°,  except  Mount 
Washington  and  Pike's  Peak : 


'ISSKS;' 

mUaperhonr. 

SO'-Si" 

35" -39° 

«°-49° 

16 
26 
36 
10 

T-OT 
8-S7 
9-lS 
B-28 

"  These  observations  indicate  that  in  North  America  the  aver- 
age force  of  the  wind  increases  with  the  latitude  from  latitude 
80"  to  latitude  45°.  Beyond  the  parallel  of  45°  there  is  appar 
ently  a  diminution  in  the  force  of  the  wind,  but  this  result 
may  be  due  to  the  circumstance  that  beyond  this  line  all  the 
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stations  are  inland  stations,  where  the  force  of  the  wind  is  gen- 
erally less  than  it  is  upon  the  Atlantic  coast.  The  average 
force  of  the  wind  is  generally  greatest  at  stations  on  the  Atlan- 
tic coast,  the  Gulf  of  Mexico  and  the  Great  Lakes,  particularly 
Lakes  Michigan  and  Erie.  The  force  is  least  at  the  interior 
stations  distant  from  large  bodies  of  water,  a  result  which  is 
naturally  ascribed  to  the  resistance  to  the  movement  of  the  air 
caused  by  the  inequalities  of  the  earth's  surface.  There  is, 
however,  an  important  exception  to  this  rule  between  the  me- 
ridian of  94^  and  the  Rocky  Mountains,  where  the  mean  force 
of  the  wind  is  greater  than  it  is  at  the  interior  stations  east  of 
that  meridian.  Between  the  meridian  of  94**  and  the  Rocky 
Mountains,  the  average  velocity  of  the  wind  is  10*2  miles  per 
hour,  while  between  the  meridians  of  82^  and  94®  the  average 
velocity  is  only  7*5,  and  at  the  stations  situated  directly  on  the 
Mississippi  river  the  average  velocity  is  only  7*4  miles.  This 
difference  is  partly  due  to  the  circumstance  that  beyond  the 
meridian  of  94*^  the  face  of  the  country  is  nearly  a  plane  sur- 
face almost  entirely  destitute  of  forests,  and  therefore  opposes 
bat  little  resistance  to  the  free  motion  of  the  winds.  But  there 
is  another  circumstance  which  contributes  to  the  same  result. 
Throughout  an  extensive  region  east  of  the  Rocky  Mountains 
the  annual  rain-fall  is  very  small.  The  winds  of  this  region  are 
therefore  dry  winds,  while  the  air  of  the  Mississippi  valley  con- 
tains an  abundance  of  vapor.  The  difference  in  the  specific 
gravity  of  the  air  over  the  two  localities  is  sufficient  to  accel- 
erate considerably  the  west  and  northwest  winds  which  sweep 
over  the  dry  prairies  west  of  the  Mississippi  river. 

The  same  causes  which  affect  the  average  velocity  of  the 
winds  affect  also  the  frequency  of  occurrence  of  the  most  vio- 
lent winds.  The  region  where  violent  winds  are  of  most  fre- 
quent occurrence  is  near  the  Gulf  of  St  Lawrence.  It  has  been 
mentioned  that  the  observations  at  Cape  Rosier  and  Father 
Point  embrace  a  period  of  only  seven  months,  and  should 
therefore  be  multiplied  by  three  in  order  to  render  them  com- 
j)arable  with  observations  at  the  other  stations.  An  important 
reason  for  the  greater  violence  of  the  winds  in  this  region,  is 
the  greater  magnitude  of  the  barometric  fluctuations  and  the 
unusual  contrast  which  exists  between  the  warm  and  moist 
winds  from  the  south,  and  the  cold  dry  winds  from  the  north. 

Beyond  the  meridian  of  94°,  where  the  average  force  of  the 
wind  is  greatest,  violent  winds  are  also  of  very  frequent  occur- 
rence, and  these  violent  winds  come  from  the  north  four  times 
as  frequently  as  they  do  from  the  south.  Throughout  this  re- 
gion, northerly  winds  sometimes  prevail  from  British  America 
continuously  to  the  Gulf  of  Mexico.  An  example  of  this  kind 
occurred  April  7,  1873,  when  the  wind  at  Indianola  was  fifty- 
Ax.  Jour.  8ci.— Third  Sbribs,  Vol.  XV,  No.  S5.^Jan.,  1878. 
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four  miles  per  hour,  and  also  November  18th,  1873,  when  tbe 
wind  at  Indianola  was  fifty  miles  per  hour.  In  these  and  many 
simitar  cases,  there  was  an  area  of  high  barometer  in  Dakota, 
causing  northerly  winds  at  all  places  on  the  soutli  side  of  this 
center  from  Dakota  to  the  Gulf  of  Mexico.  The  frequency  of 
violent  winds  in  this  region  is  ascribed  to  two  causes,  viz.,  the 
country  is  generally  destitute  of  forests  and  the  air  is  uncom- 
monly dry. 

The  frequency  of  violent  winds  at  Indianola  is  specially  re- 
markable. In  order  to  discover  the  cause  of  this  phenomenon 
I  have  prepared  the  following  table,  in  which  column  let  shows 
the  dates  at  which  the  winds  attained  a  velocity  of  forty  miles 
per  hour;  column  2d  shows  tlie  velocity  observed;  column  3d 
shows  the  direction  of  the  wind  ;  column  4th  shows  the  height 
of  the  barometer;  column  5th  shows  the  rain-fall  in  inches 
during  the  preceding  eight  hours;  column  6th  shows  the  tem- 
perature of  the  air  at  Indianola;  column  7th  shows  the  aver 
age  temperature  of  the  water  of  the  Gulf  of  Mexico  during 
the  same  month  as  derived  from  Maury's  thermal  charts;  col- 
umn 8th  sliows  the  difference  between  the  temperature  of  In- 
dianola and  the  temperature  of  the  water  in  the  Gulf ;  column 
9th  shows  the  height  of  the  barometer  at  some  station  north  of 
Indianola;  column  10th  shows  the  direction  of  tins  station; 
and  colamti  lltb  shows  its  distance  in  miles  from  IndiuDola. 


Violent  winde  at  Indianola 
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We  see  that  in  each  of  these  cases  there  was  an  area  of  high 
barometer  on  the  north,  and  this  pressure  was  generally  suffi- 
cient to  urge  the  wind  with  considerable  force  towards  Indian- 
oU.  We  also  see  that  in  each  case  the  temperature  of  the  air 
at  Indianola  was  below  that  of  the  water  on  the  south  side,  and 
izrenerallj  very  much  below  it ;  and  moreover  the  air  over  the 
Gulf  contained  an  abundance  of  vapor.  This  cause  alone 
would  be  sufficient  to  produce  a  fresh  oreeze  from  the  north  at 
Indianola. 

The  reason  that  violent  winds  are  more  common  at  Indianola 
than  at  stations  further  east  on  the  Gulf  of  Mexico  may  be  the 
greater  dryness  of  the  air  near  the  Rocky  Mountains.  The 
annual  rainfall  decreases  from  the  Mississippi  River  to  the 
Rocky  Mountains,  and  the  winds  must  be  dr3'er  near  the  moun- 
tains than  they  are  near  the  Mississippi  River.  We  find  a  cor- 
responding increase  in  the  mean  velocity  of  the  winds  as  we 
advance  westward  from  Mobile.  At  Mobile  the  mean  veloc- 
ity of  the  wind  is  6*0  miles  per  hour;  at  New  Orleans  it  is  7*3 
miles  ;  at  Galveston  it  is  9  3  miles  ;  and  at  Indianola  it  is  13*7 
uiiles. 

At  several  of  the  stations,  one  of  the  most  noticeable  pecu- 
liarities of  these  violent  winds  is  the  great  predominance  of 
winds  from  a  particular  direction,  viz :  at  Quebec  they  come 
chiefly  from  the  northeast ;  at  Breckenridge  chiefly  from  the 
northwest ;  at  Indianola  from  the  north  ;  at  Yankton  from  the 
northwest,  etc.  This  seems  to  indicate  that  the  direction  of  the 
wind  is  somewhat  modified  by  the  configuration  of  the  surface 
of  the  surrounding  country. 

A  high  velocity  of  the  wind  is  not  invariably  associated  with 
alow  barometer.  In  fifty -seven  cases  (out  of  250)  the  barometer 
was  aV)ove  thirtv  inches;  in  sixteen  cases  it  was  above  30*25 
inches  ;  and  in  three  cases  it  was  as  high  as  30*5  inches.  The 
following  are  the  extreme  cases  : 


Ko. 

Date. 

Btotlona. 

Barom. 

wind. 

Temp. 

Dlrec. 

Force. 

1 
2 
3 

1873,  Jan.  27.2 

Jan.  15.2 

1872,  Dec  22.3 
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Quebec 

Breckenridge 

30-75 
30-56 
30-50 

N. 
N.E. 
N.W. 

40 
41 
40 

-17*' 
7 
-23 

In  each  of  these  cases  there  was  an  area  of  low  barometer 
within  the  limits  of  the  United  States,  and  also  an  area  of  high 
barometer ;  but  in  cases  No.  1  and  No.  3  the  pressure  at  Breck- 
enridge was  the  highest  reported  at  any  station  at  that  hour. 
In  No.  1,  however,  the  barometer  at  Breckenridge  rose  'l?  inch 
and  in  No.  3  it  rose  '20  inch  before  the  succeeding  obser- 
ratioD,  which  seems  to  indicate  that  at  the  former  date  the 
center  of  high  pressure  was  northwest  of  Breckenridge.     In 
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No.  1  there  was  a  difference  of  temperature  of  84®  betwec 
Breckenridge  and  Florida,  and  in  No.  8  a  difference  of  89 
This  was  doubtless  an  important  part  of  the  moving  fon 
which  gave  the  wind  such  velocity.  Nos.  1  and  8  are  remarl 
able  examples  of  the  force  with  which  a  cold  wave  often  swee] 
over  Montana  and  Dakota,  bringing  at  the  same  time  an  e: 
tremely  low  temperature  and  a  very  high  barometer.  In  No. 
the  barometer  indicated  80*91  inches  at  Halifax,  and  the  diffe 
ence  of  temperature  between  Quebec  and  Florida  was  69°. 

Barometric   Gradient. 

I  have  determined  the  barometric  gradient  for  each  of  tl 
260  cases  of  high  velocity  of  the  wind,  and  a  comparison 
the  results  shows  that  the  gradient  increases  with  the  latituc 
of  the  station.  In  order  to  determine  the  rate  of  increase, 
divided  the  observations  into  four  classes :  the  first  containii 
all  the  stations  south  of  latitude  85°  ;  the  second  containing  tl 
stations  between  latitude  85**  and  40** ;  the  third  between  4< 
and  45° ;  and  the  fourth  containing  the  stations  north  of  lal 
tude  46°.  The  following  table  shows  the  average  results  ;  cc 
umn  first  shows  the  average  latitude  of  the  stations  in  eac 
class,  and  column  second  shows  the  average  distance  in  mil 
between  the  isobars  drawn  for  each  tenth  of  an  inch  different 
of  pressure: 

Latitude  29'*-3        Distance  98  miles. 
"       87  -6  "        66      »• 

II       42  '7  »*        62      " 

II  4«y    .*l  II  5Q  41 

It  is  readily  seen  that  the  gradient  increases  more  rapid! 
than  the  sine  of  the  latitude,  but  not  so  rapidly  as  the  squa 
of  the  sine  of  the  latitude.  It  also  appears  that  the  gradient 
about  the  same  in  the  Mississippi  valley  as  it  is  near  the  Atla 
tic  coast  in  the  same  latitude,  with  the  exception  of  the  st 
tions  which  have  a  great  elevation.  At  an  elevation  of  6,0( 
feet  the  gradient  is  nearly  one-third  less  than  it  is  at  the  low 
stations. 

The  observations  also  indicate  that  the  gradient  is  less 
summer  than  in  winter ;  but  the  observations  are  too  few 
number  to  furnish  a  satisfactory  value  of  the  gradient  in  sui 
mer  for  these  high  velocities. 

The  following  table  shows  in  miles  the  average  distance  I 
tween  the  isobars  (which  are  drawn  to  represent  a  difference 
pressure  of  one-t^nth  of  an  inch),  corresponding  to  a  veloci 
of  the  wind  from  one  to  fifty  miles  per  hour,  excluding  the  c 
servations  at  stations  south  of  latitude  86°.  The  average  la 
tude  of  the  stations  employed  is  about  45°.  The  first  part 
the  table  is  taken  from  mysecond  paper,  page  18. 
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Relation  bettoeen  the  vdocity  of  the  wind  and  the  distance  between 

the  isobars. 
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There  are  thirty-five  eases  reported  of  velocities  exceeding 
fifty  miles  per  hour,  one  of  them  amounting  to  seventy-one 
miles  per  hour,  viz.,  Yankton,  May  29.1,  1873.  These  obser- 
vatioDS  do  not  indicate  any  increase  in  the  gradient  above 
that  corresponding  to  a  velocity  of  fifty  miles  per  hour.  This 
fiict  seems  to  indicate  that  these  very  high  velocities  are  local 
and  are  due  to  a  local  cause.  The  barometric  gradient  is  a  very 
reliable  indication  of  the  average  velocity  of  the  wind  over  a 
lar^e  area :  but  over  a  small  area  there  may  be  exceptional  ve- 
locities which  do  not  sensibly  affect  the  barometric  gradient  as 
determined  from  observations  at  stations  distant  100  miles  from 
each  other.  Such  exceptional  velocities  may  result  from  a 
strong  upward  movement  of  the  air  in  the  neighborhood  of  the 
station  of  observation. 

In  preparing  the  materials  for  this  article  I  have  been 
assisted  bv  Mr.  Henry  A.  Hazen,  a  graduate  of  Dartmouth 
College  of  the  class  of  1871. 


Abt.   XL — Notices  of  Recent  American  Earthquakes.      No.   7  ; 
by  Professor  C.  G.  Rogkwood,  Jr.,  College  of  New  Jersey. 

In  the  following  notices,  those  based  upon  single  newspaper 
report'*,  and  which  could  not  be  otherwise  verified,  are  printed 
in  smaller  type,  and  the  source  of  the  information  is  indicated. 

For  information  received  I  am  indebted  to  John  M.  Batch  elder 
of  Boston,  Fred.  E.  Goodrich  of  the  Boston  Post,  Principal  J. 
W.  Dawson  of  Montreal,  Professor  E.  T.  Quimby  of  Dartmouth 
College  and  others. 

1876.— May  10.  A  shock  at  Santa  Barbara,  Cal.— (U.  S.  Sign. 
Serv.) 

Aug.  16.  At  1.15  p.  M.  The  bark  Forest  Queen  experienced  a 
heavy  shock  of  fifleen  seconds  duration  in  lat.  41°  55'  N.,  long. 
126**  25'  W.,  off  the  southern  part  of  Oregon.—(U.  S.  Sign.  Serv.) 
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Aug.  16.  At  11.26  p.  M.,  at  Lower  Brule  Indian  Agency,  Dakota 
T.,  a  shock  of  seven  seconds  duration  with  loud  rumbling  noise. — 
(U.  S.  Sign.  Serv.) 

Sept.  21.  A  shock  about  11.30  p.  M.,  felt  at  Newport,  R  1. 
and  at  Fall  River  and  New  Bedford,  Mass.,  and  adjacent  places. 
At  Fort  Adams,  R.  I.,  it  was  reported  to  be  **  apparently  from 
east  to  west  and  lasting  about  ten  seconds." 

Sept  25.  Two  distinct  and  heavy  shocks  with  an  interval  of 
about  fifteen  minutes  between  them  were  felt  about  midnight 
of  24th  and  25th  throughout  southern  Illinois  and  Indiana,  from 
St.  Louis,  Mo.  to  Indianapolis,  Ind.,  and  Louisville,  Ky.  Tbey 
appear  to  have  been  most  severe  in  the  valley  of  the  Wabash 
River,  from  Mt.  Carmel  and  Friendsville,  111.,  to  Evansville,  Ind. 
The  time  given  for  the  second  and  heavier  shock  varied  from 
12  midnight  to  12.15  A.  M. 

Sept.  26.  A  slight  shock  reported  at  Friendsville,  El. — (U.  S. 
Sign.  Serv.) 

Oct.  6.  Two  shocks  at  San  Francisco  at  9.20  and  10.08  P.  M. 
The  first  and  heavier,  lasting  ten  seconds,  with  a  motion  from 
N.  W.  to  S.  E.  was  felt  also  at  Oakland,  San  Jos^  and  Angel 
Island. 

Nov.  20.  A  shock  at  Eastport,  Me.,  at  1  p.  m. — (U.  S.  Sign.  Serv.) 

Dec.  11.  About  7  P.  M.  at  Silver  Mountain,  Cal.,  a  series  of 
seven  shocks  were  felt  within  a  period  of  thirty  minutes,  the 
first  and  third  shocks  being  heavier  than  the  others.  They 
were  preceded  by  a  rumbling  noise  and  apparently  came  from 
the  south  or  southeast. 

A  slight  shock  was  also  reported  at  3  o'clock  next  morning 
at  the  same  place. 

Dec.  12.  A  slight  shock  in  the  City  of  Charleston,  S.  C,  in  the 
evening. — (U.  S.  Sign.  Serv.) 

Dec.  21.  A  shock  at  Wytheville,  Va.,  at  10.80  a.  m. — (U.  S. 
Sign.  Serv.) 

1877. — Jan.  10.  A  slight  shock  about  1.15  p.  m.  at  Los  Angeles, 
Cal.,  which  at  Benedict  Canon  near  there,  was  felt  as  three  dis- 
tinct shocks  preceded  by  a  loud  report — (Los  Angeles  Express,  in 
N.  Y.  Times.) 

Jan.  13.  A  heavy  earthquake  about  noon,  forty-five  miles  south- 
east of  San  Diego,  Cal.  ''  The  reverberations  were  from  east  to 
west,  and  extended  throughout  the  mountains  to  the  borders  of 
Cajou  Valley."— (^-  Y.  Times.) 

Feb.  17.  A  heavy  shock  at  Quincy,  Plumas  Co ,  Cal.,  in  the 
morning. 

Feb.  18.  A  distinct  shock  at  2.20  P.  M.  at  Portland,  Me., 
with  rumbling  sound. 
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Feb.  24.  The  Honolulu  Gazette  of  Feb.  28th  reports  a  sub- 
marine volcanic  outbreak  in  Kealakeakaua  Bay  at  8  A.  M.,  Feb. 
24.  During  the  same  night  a  severe  earthquake  was  felt  at 
Koawalsa  and  Kell. 

March  8.  Two  light  shocks  about  2  a.  m.,  and  a  few  minutes 
before  5  a.  m.  at  Helena,  Montana. — (Helena  Independent,  in  N.  T. 
Times.) 

March  19.     A  shock  at  Kingston,  Jamaica,  at  12.66  A.  M. 

April  17.  A  slight  shock  of  short  duration  at  Panama  at  5.50 
A.  If. — (U.  S.  Sign.  Serv.) 

April  23.  A  slight  shock  at  Auburn,  N.  H.,  at  11  a.  m.,  from 
N.  W.  to  S.  E.~(U.  S.  Sign.  Serv.) 

April  26.  A  slight  shock  at  Franklin,  N.  C,  at  5  p.  m. — (U.  S. 
Sign.  Serv.) 

May  2.  A  shock  "lasting  eight  or  ten  seconds'*  at  10.20 
p.  M.  at  Oshawa,  Ontario. 

May  9.  At  8.30  p.  m.,  a  series  of  severe  shocks,  lasting  four 
or  five  minutes,  and  followed  by  a  destructive  tidal  wave,  were 
felt  on  the  coast  of  Peru,  Bolivia  and  Chili.  The  center  of 
disturbance  appeared  to  be  the  neighborhood  of  the  volcano 
Ilaga,  on  the  oorders  of  Peru  and  Bolivia,  in  lat  21°  S.  The 
shocks  were  felt  along  the  coast  from  beyond  Arequipa,  Peru,  to 
Valparaiso,  Chili,  but  were  most  violent  and  destructive  from 
lauique,  where  the  duration  was  4  m.  20  sec.,  to  Cobija, 
Mexillones  and  Chavanago,  Bolivia.  The  disturbance  does  not 
appear  to  have  extended  very  far  inland.  The  sea  wave  how- 
ever spread  over  the  entire  Pacific,  being  felt  along  the  coast  of 
Mexico  and  California  (whence  it  was  reported  by  the  signal 
service  a  day  before  news  of  the  shock  was  received),  at  the 
Sandwich  Islands,  the  Marquesas  Islands,  Japan  and  Australia. 
On  the  Peruvian  and  Bolivian  coasts  the  wave  was  from  twenty 
to  sixty  feet  high  and  caused  great  destruction  of  life  and  prop- 
erty, both  on  land  and  among  the  shipping  in  the  harbors. 
At  the  Sandwich  Islands  the  wave  was  fifteen  to  thirty -six  feet 
high,  and  on  the  Australian  coast  one  to  six  feet  high.  Its 
average  rate  of  progress,  as  calculated  from  the  time  of  jirrival 
of  the  first  wave,  and  assuming  its  origin  to  have  been  near 
Iquique,  was  as  follows: — to  Callao  228  miles  per  hour,  to  San 
Francisco  348  miles,  to  Honolulu  408  miles  and  to  Austmlia 
378  miles  per  hour. 

On  the  Peruvian  coast  lighter  shocks  continued  at  intervals 
for  some  days,  and  later  reports  indicate  that  the  whole  coast 
has  suffered  a  considerable  permanent  upheaval. 

At  San  Jos6,  Costa  Rica,  a  feeble  shock  was  felt  at  5.28  A.  M. 
of  the  loth  (local  time)  or  9^  54°*  after  the  shock  at  Iquique. 

In   the  Sandwich  Islands  the  volcano  of  Kilauea  exhibited 
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unusual  activity,  and  eruptions  of  lava  with  occasional  earth- 
quake shocks  occurred  auring  the  week  preceding  the  tidal 
wave,  especially  one  at  2.45  P  M.,  May  4th. 

More  aetailed  local  reports  of  the  phenomena  may  be  found 
in  this  Journal,  III,  xiv,  p.  77,  U.  S.  Weather  Review,  May, 
1877,  Scientific  American,  vol.  xxxvii,  pp.  8,  345,  Nature,  vol. 
xvi,  pp.  112,  174,198. 

May  11.  A  slight  shock  in  the  afternoon  in  Schenectady  and 
Schoharie  Countien,  N.  Y. 

May  14.  A  severe  shock  at  Lima  and  Callao,  lasting  twenty- 
two  seconds.  ^ 

May  15.  From  Port  Stanley,  Ont,  it  is  reported  that  a  wave 
five  feet  high,  apparently  due  to  some  earthquake  shock,  swept 
alon^  the  northern  shore  of  Lake  Erie,  followed  for  an  hour  by 
smaller  ones. 

May  26.     A  shock  at  Knoxville,  Tenn. — (IJ.  S.  Sign.  Serv.) 
May  26.     A  shock  at  3  p.  m.  at  New  Harmony,  Ind. — (U.  S. 
Sign.  Serv. 

May  80.  A  heavy  shock  between  2  and  8  A.  M.,  at  Pasa 
Robles,  Cal. 

June  11.  A  volcanic  eruption,  smoke  and  boulders,  in  the 
mountains  near  Flowing  Wells  Station,  Southern  Pacific  R.  R, 
about  sixty  miles  from  Yuma,  preceded  by  a  violent  vibration 
of  the  earth. 

June  18.  At  Milwaukee,  Wis.,  at  7.80  p.  m.,  the  water  in 
Lake  Michigan  fell  two  feet  in  half  an  hour  and  rose  again 
more  quickly. — (U.  S.  Sign.  Serv.) 

June  28.  A  shock  about  11.80  P.  M.  at  Bakersfield,  Cal. 
**It  seemed  to  be  in  the  nature  of  an  upheaval  rather  than 
vibratory." 

July  9.  A  shock  at  Sacramento,  Cal.,  lasting  one  minute.  Oscil- 
lations, E.  and  W.— (U.  S.  Sign.  Serv.) 

July  14.  Two  shocks  at  6.40  P.  M.,  at  Memphis,  Tenn.,  last- 
ing several  seconds,  vibrations  from  S.  W.  or  W.  to  N.  E.  or  E. 

July  15.  Three  shocks  apparently  from  the  west,  and  lasting 
five  seconds,  at  Carbondale,  111. — (U.  S.  Sign*.  Serv.) 

July  17.  A  sharp  shock  at  3  A.  M.,  lasting  about  thirty 
seconds,  at  River  du  Loup,  Canada. 

Aug.  10.  A  shook  lasting  several  seconds  at  Florence,  N.  J. — 
(U.  S.  Sign.  Serv.) 

Aug.  17.  A  slight  shock  about  11  A.  M.,  felt  in  Detroit, 
Mich.,  and  a  few  neighboring  towns.  It  lasted  from  thirty 
seconds  to  one  minute,  and  was  accompanied  by  a  rumbling 
sound. 
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At  7.30  P.  H.  of  the  same  day  a  heavy  shock,  lasting 


fifteen  seconds,  was  felt  at  Campo,  Cal. — (U.  S.  Sign.  Serv.) 

Aug.  28.  Shocks  of  an  alarming  nature  were  felt  at  Cobija, 
Bolivia,  at  1.40  P.  M.,  and  at  Iquique  at  5  p.  M.,  and  a  few  days 
earlier  at  Copiapo,  Chili. 

Sept  1.  A  slight  shock  at  II  A.  M.  at  Latonsville,  Sandv 
Springs,  Brookville,  Laurel  and  other  points  in  Prince  George  s 
Ca,  Md. 

Sept.  1.  A  shook  at  10  p.  ic  at  Tuma,  Arizona. — (U.  S.  Sign. 
Serv.) 

Sept.  10.  A  shock  at  9.69  a.  m.,  felt  in  the  valley  of  the 
Delaware  River  from  Trenton  to  Philadelphia.  It  affected  an 
extent  of  country,  about  thirty-five  miles  along  the  river  by 
twenty  miles  wide,  and  having  its  center  at  Burlington,  N.  J.  It 
lasted  thirty  or  forty  seconds,  had  an  apparent  motion  toward 
the  southwest,  and  was  accompanied  by  a  rumbling  noise. 

Sept  18.  Panama  advices  of  this  date  say,  shcxiks  of  earth- 
quake were  continuously  felt  in  some  of  the  southern  ports  of 
reru. 

Sept  29.  A  shock  at  Campo,  Cal.,  at  2.30  p.  m.,  lasting  five 
seconds,  with  low  rumbling. — (u.  S.  Sign.  Serv.) 

Oct  9.  A  severe  shock  at  2.20  A.  m.  at  Lima  and  Callao, 
Peru ;  felt  also  in  Pisco,  lea  and  Chincha,  where  two  shocks 
were  reported.     The  vibration  was  from  north  to  south. 

Oct  12.  Quite  severe  shocks  were  felt  in  Oregon,  occurring 
in  Portland  at  1.53  P.  M.,  two  shocks  being  noticed ;  at  Marsh- 
field,  Clackamas  Co.,  at  1.45  P.  m.  ;  and  at  Cascades  at  1.52 
P.  M.  (Another  shock  ^?as  felt  at  Cascades  at  9  a.  m.)  The  vibra- 
tions were  in  each  case  from  north  to  south  and  were  sufficiently 
violent  to  overthrow  chimneys. 

.     At  3.26  A.  M.  of  the  same  day  a  slight  earthquake 

was  felt  on  the  Isthmus  of  Panama. 

Oct  26.  Between  5  and  6  P.  m.  the  schooner  Leo  felt  a 
severe  earthquake  shock,  continuing  about  ten  seconds,  in  lat 
•18''  13'  N.,  long  128°  W.,  the  vessel  being  300  or  400  miles 
from  the  coast  of  Oregon. 

Nov.  4.  About  2  A.  M.  a  rather  severe  earthquake  was  felt 
throughout  a  large  part  of  Canada,  New  York  and  New  Eng- 
land. It  was  reported  from  Ottawa,  Perth  and  many  other 
e laces  in  Ontario,  east  of  a  line  joining  Kingston  and  Pem- 
roke ;  from  Cornwall,  Montreal  and  other  places  in  the  St 
Lawrence  Valley  as  liar  east  as  Three  Rivers ;  from  Hanover, 
N.  II.,  Springtield,  Mass.,  Hartfoni,  Conn.,  and  other  places 
along  the  Connecticut  River ;  from  Burlington  and  Bennington, 
Vt,  Plattsburg,  Whitehall  and  Saratoga,  N.  Y.,  and  the  valley 
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of  Lake  Champlain  and  the  Hudson  as  far  south  as  Albany ; 
and  finally  from  Utica,  Rome,  Auburn  and  the  Mohawk  Valley. 
It  was  probably  felt  throughout  the  whole  Adirondack  region 
which  is  thus  enclosed,  but  whence  no  reports  could  be  ex- 
pected. It  would  thus  seem  to  have  been  felt  over  an  irregular 
trapezium,  whose  angles  are  marked  by  Pembroke,  Ont.,  Three 
Rivers,  P.  Q.,  Hartford,  Conn.,  and  Auburn,  N.  Y. ;  and  which 
is  therefore  some  200  miles  on  its  northern  and  southern  sides, 
about  800  on  the  east  and  176  on  the  west  In  regard  to  the 
exact  time  of  the  shock  the  reports  diflFer  too  much  among 
themselves,  and  are  mostly  of  too  vague  a  nature  to  permit  any 
deductions  therefrom  as  to  the  direction  or  rate  of  progress  of 
the  vibration.  Comparing  the  reports  from  thirty-six  localities 
in  which  the  time  is  given,  and  rejecting  three  as  quite  wide  of 
the  truth,  we  find  them  cluster  closely  about  2  a.  m.,  none 
earlier  than  1.45,  none  later  than  2.10,  most  being  between  1.50 
and  2,  local  time.  The  only  ones,  however,  which  appear  to 
be  reliably  accurate  are  Montreal  1.50  A.  M.  (J.  W.  I)awson)» 
Hartford  1.56  (Ed.  Hartford  Cou rant) =1.52  Montreal  time,  and 
Dudley  observatory,  Albany,  1.53  =  1.54  Montreal  time.  The 
Hartford  record  is  also  confirmed  by  an  apparently  careful 
report  from  Windsor,  Conn.,  giving  1.55  A.  M.  Many  (25) 
reports  give  in  a  general  way  **2  A.  M.,"  "about  2  A.  M.,"  etc. 
The  duration  in  Montreal  was  about  twenty  seconds.  The 
other  reports  of  its  duration  vary  from  four  or  five  seconds  to 
two  or  three  minutes  and  in  one  case  five  minutes.  Most  of 
them  however  give  about  half  a  minute.  It  seems  to  have  been 
most  severe  in  the  valley  of  the  St  Lawrence  and  about  Lake 
Champlain,  where  the  vibration  was  sufficient  to  overturn 
crockery,  crack  ceilings  and  in  a  few  cases  to  throw  down 
chimneys.  The  reports  are  nearly  unanimous  that  the  vibra- 
tion advanced  from  west  to  east,  only  one  report  (Hanover,  N. 
H.)  stating  it  as  from  north  to  south,  this  however  on  the  con- 
current testimony  of  three  observers.  In  some  places  a  rum- 
bling noise  and  in  others  two  or  several  shocks  were  reported ; 
at  Dudley  observatory  "  a  severe  shock  of  ten  seconds  duration, 
followed  after  an  interval  of  thirty  seconds  by  a  lighter  one  ;"  at 
Hanover,  **a  succession  of  five  or  six  waves,  increasing  in  inten- 
sity for  the  first  third  of  the  time  and  then  decreasing ;"  in 
Montreal  "  a  low  rumbling  sound  followed  by  a  sharp  explosion 
and  then  a  tremor." 

In  compiling  the  above  I  have  been  able  to  compare  reports 
from  fifty  eight  stationa 

Nov.  14.     A  slight  shock  at  9.40  A.  M.  at  Cornwall,  Ont 
Nov.  15.     About  noon  several  shocks  were  felt  in  Iowa  and 
adjoining  portions   of   Kansas,  Nebraska  and  Dakota.      The 
times  given  were:  Iowa  City  12.30  P.  M.,  Council  Blufls  12.15, 
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movement  E.  to  W.,  Omaha  11.40  a.  m.,  three  shocks  lasting 
ten  seconds,  Topeka  and  Atchison,  Ks.,  12  M.,  and  Yankton, 
D.  T.,  11.80  a.  m. 

These  times  are  plainly  discordant,  but  at  this  distance  no 
data  are  available  for  correcting  them. 

Nov.  16.  A  slight  shock  about  2.20  a.  m.  at  Knoxville, 
Tenn. 

Nov.  18.  A  shock  about  5  A.  M.  in  the  Bermuda  Islands  — 
(Newark  Daily  Advertiser). 

Prinoeton,  N.  J.,  Nov.  30,  1877. 


Art.  IIL — Observations  on  uwier-wnter    Oceanic   Temperature; 
by  Captain  G.  K  Belknap,  U.  S.  Navy. 

[When,  many  years  ago,  it  wan  announced  by  Lieutenant 
ICaary  and  others,  that  a  cold  stratum  might  exist  in  the  ocean 
between  two  adjacent' warmer  ones,  or  vice  versa  and  that  there 
might  be  a  succession  of  such  conditions  between  the  surface  and 
the  bottom,  the  assertion  was  believed  by  many  to  be  fallacious 
and  contrary  to  the  laws  of  ocean  physics,  and  that  warm  water 
would  necessarily  rise  until  it  was  above  that  of  a  lower  tempera- 
ture. More  recently,  however,  reliable  observations  of  the  north- 
em  seas  have  established  thb  fact,  the  Germans,  the  Swedes  and 
the  Norwegians  having  severally  verified  it.  The  investigations 
of  Professor  Hind  on  the  coast  of  Labrador,  have  shown  many 
cases  of  a  similar  character.  A  similar  observation  was  made  by 
Captain  Belknap,  of  the  U.  S.  Navy,  while  in  command  of  the  U. 
S.  steamer  Tuscarora,  during  her  famed  cruise  in  the  Pacific  ;  and 
by  the  courtesy  of  Commodore  Ammen,chief  of  the  Bureau  of  Nav- 
igation, we  are  permitted  to  present  an  abstract  of  a  report  made 
by  that  officer  on  the  2d  of  September,  1874. — Eds.] 

A  STUDY  of  the  surface  and  under-surface  temperatures,  in 
the  Pacific  Ocean,  has  vielded  some  interesting  results.  Great 
care  was  taken  to  make  the  observations  as  accurate  as  possi- 
ble, and  the  surface  temperatures  are  invariably  means  of  four 
and  five  thermometers.  Whenever  there  was  any  doubt,  or 
any  marked  change  in  temperature,  the  observations  were 
always  repeated.  In  taking  the  under-surface  temperature 
along  the  kurile  Islands,  the  indications  of  the  Miller-Casella 
thermometers  were  sometimes  so  startling  and  perplexing,  the 
indicated  temperatures  being  so  low,  that  the  observations  were 
often  duplicated  to  verify  their  accura'jy  ;  if  the  second  obser- 
vation confirmed  the  first,  the  results  were  accepted  as  true  ; 
otherwise  the^*^  were  rejected. 

Proceeding  in  this  way,  a  cold  stratum  between  two  warm 
strata,  was  found  to  exist  quite  near  the  surface,  between  the 
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parallels  of  49°  and  52°  north  latitude  and  the  meridians  of 
158°  and  167°  east  longitude.  The  upper  part  of  the  stratum 
in  one  place,  showing  a  temperature  of  83  '7  F.,  was  only  20 
fathoms  below  the  surface,  while  at  10  fathoms  below  the  sur- 
face the  temperature  was  41°  F.  At  a  depth  of  100  fathoms 
the  temperature  was  32°  F.  ;  below  that  curve  to  a  depth 
of  200  fathoms,  the  range  of  temperature  was  from  34° '5  F.  to 
8S°'7  F.  The  width  of  the  cold  stratum  gradually  narrowed 
to  a  point  in  an  easterly  direction  from  the  coast,  or  as  the  edge 
of  the  Japan  stream  was  approached. 

I  may  say  here  that  the  indications  of  the  Miller-Casella 
thermometers  are  not  always  reliable,  as  the  needles  sometimes 
jump  in  the  tubes,  and  this  was  especially  the  case  on  this 
northern  line,  where  the  changes  of  under-surface  temperatures 
are  so  much  more  sudden  than  in  the  Central  North  Pacific 
where  serial  temperatures  were  taken  by  this  ship. 

In  three  or  four  instances,  the  thermometers  came  up  from 
the  bottom  and  intermediate  depths,  indicating  temperatures  of 
from  20°  F.  to  28°  F.;  temperatures  manifestly  impossible 

There  can  be  no  doubt,  nowever,  of  the  existence  of  the  cold 
stratum  described  above,  as  no  temperature  was  recorded  until 
repeated  observations  with  different  thermometers  confirmed  its 
accuracy. 

An  inspection  of  the  surface- temperature  chart  will  show  that 
the  coldest  surface  water  was  found  along  the  Kurile  Islands, 
between  the  parallels  of  45°  and  47°  north  latitude.  The  tem- 
perature of  the  air  was  also  lower  in  that  region  than  at  any 
point  further  north,  and  the  lowest  snow  line  was  observed 
there,  though  the  range  of  latitude  traversed  was  nearly  eight 
degrees  higher.  The  current  in  that  locality  was  found  to  be 
setting  in  a  southerly  direction,  and  undoubtedly  pouring  out 
of  the  Sea  of  Ochotsk. 

The  surface  temperatures  along  the  Aleutian  Islands  show 
considerable  variation,  both  in  the  Pacific  and  in  Behring's  Sea, 
doubtless  attributable  to  tidal  influences,  the  direction  of  the 
wind,  and  the  meeting  of  different  currents. 

In  passing  from  Behring  s  Sea  to  the  Pacific,  through  Onni- 
mak  Pass,  on  the  morning  of  the  17th  of  August,  the  surface 
temperature  rose  seven  degrees  in  one  hour,  some  five  to  seven 
miles  inside  of  the  Pass,  the  current  at  the  time  setting  with 
moderate  strength  into  the  sea. 

The  lowest  surface  temperature  along  the  Kurile  group  was 
86°*4  F. ;  along  the  Aleutian  Islands  the  surface  temperatures 
ranged  from  41°*6  F.  to  49°  F.  and  along  the  continuation  of 
the  line,  across  the  Gulf  of  Alaska,  to  Cape  Flattery,  the  range 
of  temperature  was  found  to  be  from  50°  F.  to  59^  F.,  indica- 
ting in  the  most  unmistakable  manner  the  influence  of  that 
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branch  of  the  Japan  stream  which,  curving  to  the  northward 
near  the  meridian  of  140°  west  longitude,  impinges  upon  the 
coasts  of  Alaska,  and  following  the  line  of  the  shore  bordering 
on  the  Gulf  of  Alaska,  sweeps  back  to  the  westward  and 
southwestward  to  the  Aleutain  chain;  for  the  moment  Onni- 
mak  Pass  is  cleared,  the  temperature  of  the  water  rises,  and 
the  current  is  found  to  be  setting  to  the  southwestward. 

The  following  table  will  show  some  of  the  difiFerences  of 
temperature  observed  on  the  line  sounded  from  Honolulu  to 
the  Bonin  Islands,  and  that  part  of  the  northern  line  from  the 
southern  point  of  Kamtchatka  to  Onnimak  Pass  in  Behnng's 
Sea: 

Soathem  line,  Northern  Line, 

Central  North  Pacific  North  Pacific  and  Behring's  Sea. 

Surface, 70°     to  76**     F.  36*'-4    to  40°     F. 

Fnder  Surface     30f'm8,70°-8  n'''5 

**  60     "      63°-5  12°'1 

"  100     "      62°  70° 

**  200     "      48°-5  68°-r 

"  300     "       41°-4  50°-3 

"  500     "       38°'9  40°-6 

"  1000     '*      36°-6 

"  2000     •*      83°'2  33°-9 

"  3000     "       33°-2  33°  9 

The  very  low  temperatures  noted  at  the  depth  of  80 
fathoms  to  206  fathoms  are  some  of  those  observed  in  the  cold 
stratum  already  described  in  this  report 

The  serial  temperatures  observed  on  this  northern  line  were 
not  so  extended  as  could  have  been  wished,  owing  to  the  loss 
and  breakage  of  thermometers  and  to  the  fact  that  two  of  the 
instruments  furnished  had  to  be  thrown  aside  as  worthless.  In 
the  latter  case  the  mercury  would  crowd  up  past  the  needle, 
rendering  the  indications  valueless,  and  that  defect  in  those 
instruments  could  not  be  overcome. 

The  thermometers  sent  down  at  the  3,664  fathom  cast  came 
up  unharmed,  and  as  some  of  the  *' Challenger's"  instruments 
broke  at  a  depth  of  8,875  fathoms  the  maximum  pressure 
which  the  Miller-Casella  thermometers  will  bear  must  be  some- 
where between  those  depths,  or  a  pressure  of  about  four  and 
three-fourths  tons  per  square  inch.*  The  temperature  indicated 
at  3,664  fathoms  is  33° -8  F. 

I  should  take  into  consideration,  however,  the  fact  that 
using  hempen  line  and  time  intervals  for  sounding,  that  the 
depths  found  by  the  ** Challenger"  were  not  so  accurate  as  those 
obtained  by  the  "Tuscarora"  with  piano  wire  and  dynamo- 
meter. 

*  From  later  resnlts  obtained  by  the  Challenger  this  deduction  is  probably 
inoorrect,  as  I  believe  she  received  whole  thermometers  back  on  one  or  two  ooca- 
sioiia  from  a  depth  of  over  4,000  fathoms. 
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Art.  IV. — On  the  Magnetic  Effect  of  Electric  Convection;*  by 
Hekry  a.  Eowland  of  the  Johns  Hopkins  University, 
Baltimore. 

The  experiments  described  in  this  paper  were  made  with  a 
view  of  determining  whether  or  not  an  electrified  body  in  mo- 
tion produces  magnetic  effects.  There  seems  to  be  no  theoret- 
ical ground  upon  which  we  can  settle  the  question,  seeing  that 
the  magnetic  action  of  a  conducted  electric  current  may  be 
ascribed  to  some  mutual  action  between  the  conductor  and  the 
current  Hence  an  experiment  is  of  value.  Professor  Max- 
well, in  his  "Treatise  on  Electricity,"  Art  770,  has  computed 
the  magnetic  action  of  a  moving  electrified  surface,  but  that 
the  action  exists  has  not  yet  been  proved  experimentally  or 
theoretically. 

The  apparatus  employed  consisted  of  a  vulcanite  disc  211 
centimeters  in  diameter  and  '5  centimeter  thick  which  could 
be  made  to  revolve  around  a  vertical  axis  with  a  velocity  of 
61*  turns  per  second.  On  either  side  of  the  disc  at  a  distance 
of  6  cm.  were  fixed  glass  plates  having  a  diameter  of  38*9 
cm.  and  a  hole  in  the  center  of  7*8  cm.  The  vulcanite  disc 
was  gilded  on  both  sides  and  the  glass  plates  had  an  annular 
ring  of  gilt  on  one  side,  the  outside  and  inside  diameters  being 
24*0  cm.  and  8*9  cm.  respectively.  The  gilt  sides  could  be 
turned  toward  or  from  the  revolving  disc  but  were  usually 
turned  toward  it  so  that  the  problem  might  be  calculated  more 
readily  and  there  should  be  no  uncertainty  as  to  the  electrifica- 
tion. The  outside  plates  were  usually  connected  with  the  earth ; 
and  the  inside  disc  with  an  electric  battery,  by  means  of  a  point 
which  approached  within  one-third  of  a  millimeter  of  the  edge 
and  turned  toward  it  As  the  edge  was  broad,  the  point  would 
not  discharge  unless  there  was  a  difference  of  potential  between 
it  and  the  edge.  Between  the  electric  battery  and  the  disc,  a 
commutator  was  placed,  so  that  the  potential  of  the  latter  could 
be  made  plus  or  minus  at  will.  All  parts  of  the  apparatus 
were  of  non- magnetic  material. 

Over  the  surface  of  the  disc  was  suspended,  from  a  bracket 
in  the  wall,  an  extremely  delicate  astatic  needle,  protected  from 
electric  action  and  currents  of  air  by  a  brass  tube.  The  two 
needles  were  15  cm.  long  and  their  centers  17'98  cm.  distant 
from  each  other.  The  readings  were  by  a  telescope  and  scala 
The  opening  in  the  tube  for  observing  the  mirror  was  protected 

*  The  experiments  described  were  made  in  the  laboratory  of  the  Berlin  Uni- 
versity through  the  kindness  of  Professor  Helmholtz,  to  whose  advioe  they  are 
greatly  indebted  for  their  completeness.  The  idea  of  the  experiment  first  occurred 
to  me  in  1868  and  was  recorded  in  a  note  book  of  that  date. 
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from  electrical  action  by  a  metallic  cone,  the  mirror  being  at  its 
vertex.  So  perfectly  was  this  accomplished  that  no  effect  of 
electrical  action  was  apparent  either  on  charging  the  battery  or 
reversing  the  electrification  of  the  disa  The  needles  were  so 
far  apart  that  any  action  of  the  disc  would  be  many  fold  greater 
on  the  lower  needle  than  the  upper.  The  direction  of  the  nee- 
dles was  that  of  the  motion  of  the  disc  directly  below  them, 
that  is,  perpendicular  to  the  radius  drawn  from  the  axis  to  the 
needle.  As  the  support  of  the  needle  was  the  wall  of  the  lab- 
oratory and  revolving  disc  was  on  a  table  beneath  it,  the  needle 
was  reasonably  free  from  vibration. 

In  the  first  experiments  with  this  apparatus  no  effect  was 
observed  other  than  a  constant  deflection  which  was  reversed 
with  the  direction  of  the  motion.  This  was  finally  traced  to 
the  magnetism  of  rotation  of  the  axis  and  was  afterward  greatly 
redacea  by  turning  down  the  axis  to  '9  cm.  diameter.  On 
now  rendering  the  needle  more  sensitive  and  taking  several 
other  precautions  a  distinct  effect  was  observed  of  several 
millimeters  on  reversing  the  electrification  and  it  was  separated 
from  the  effect  of  magnetism  of  rotation  by  keeping  the  motion 
constant  and  reversing  the  electrification.  As  the  effect  of  the 
magnetism  of  rotation  was  several  times  that  of  the  moving 
electricity,  and  the  needle  was  so  extremely  sensitive,  numerical 
results  were  extremely  hard  to  be  obtained,  and  it  is  only  after 
weeks  of  trial  that  reasonably  accurate  results  have  been  ob- 
tained. But  the  qualitative  effect,  after  once  being  obtained, 
never  failed.  In  hundreds  of  observations  extending  over 
many  weeks,  the  needle  always  answered  to  a  change  of  electri- 
fication of  the  disc.  Also  on  raising  the  potential  above  zero 
the  action  was  the  reverse  of  that  when  it  was  lowered  below. 
The  swing  of  the  needle  on  reversing  the  electrification  was 
about  10"  or  15"  millimeters  and  therefore  the  point  of  equili- 
brium was  altered  6  or  7^  millimeters.  This  quantity  varied 
with  the  electrification,  the  velocity  of  motion,  the  sensitive- 
ness of  the  needle,  etc. 

The  direction  of  the  action  may  be  thus  defined.  Calling 
the  motion  of  the  disc  ^-  when  it  moved  like  the  hands  of  a 
watch  laid  on  the  table  with  its  face  up,  we  have  the  following, 
the  needles  being  over  one  side  of  the  disc  with  the  north  pole 
pointing  in  the  direction  of  positive  motion.  The  motion  being 
+,  on  electrifying  the  disc  -f  the  north  pole  moved  toward  the 
axis,  and  on  changing  the  electrification,  the.north.pole  moved 
away  from  the  axis.  With  —  motion  and  -f  electrification,  the 
nortQ  pole  moved  away  from  the  axis,  and  with  —  electrifica- 
tion, it  moved  toward  the  axis.  The  direction  is  therefore  that 
in  which  we  should  expect  it  to  be. 

To  prevent  any  suspicion  of  currents  in  the  gilded  surfaces, 
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the  latter,  in  many  experiments,  were  divided  into  small  por- 
tions by  radial  scratches,  so  that  no  tangential  currents  could 
take  place  without  sufficient  difference  of  potential  to  produce 
sparks.  But  to  be  perfectly  certain,  the  gilded  disc  was  re- 
placed by  a  plane  thin  glass  plate  which  could  be  electrified  by 
Eoints  on  one  side,  a  gilder  induction  plate  at  zero  potential 
eing  on  the  other.  With  this  arrangement,  effects  in  the  same 
direction  as  before  were  obtained,  but  smaller  in  quantity,  see- 
ing that  only  one  side  of  the  plate  could  be  electrified. 

The  inductor  plates  were  now  removed,  leaving  the  disc  per- 
fectly free,  and  the  latter  was  once  more  gilded  with  a  continu- 
ous gold  surface,  having  only  an  opening  around  the  axis  of 
8'5  cm.  The  gilding  of  the  disc  was  connected  with  the  axis 
and  so  was  at  a  potential  of  zero.  On  one  side  of  the  plate, 
two  small  inductors  formed  of  pieces  of  tin-foil  on  glass  plates, 
were  supported,  having  the  disc  between  them.  On  electrifying 
these,  the  disc  at  the  points  opposite  them  was  electrified  by 
induction  but  there  could  be  no  electrification  except  at  points 
near  the  inductors.  On  now  revolving  the  disc,  if  the  induc- 
tors were  very  small,  the  electricity  would  remain  nearly  at  rest 
and  the  plate  would  as  it  were  revolve  through  it  Hence  in 
this  case  we  should  have  conduction  without  motion  of  elec- 
tricity, while  in  the  first  experiment  we  had  motion  without 
conduction.  I  have  used  the  term  "  nearly  at  rest "  in  the 
above,  for  the  following  reasons.  As  the  disc  revolves  the 
electricity  is  being  constantly  conducted  in  the  plate  so  as  to 
retain  its  position.  Now  the  function  which  expresses  the  po- 
tential producing  these  currents  and  its  differential  coefficients 
must  be  continuous  throughout  the  disc,  and  so  these  currents 
must  pervade  the  whole  disc. 

To  calculate  these  currents  we -have  two  ways.  Either  we 
can  consider  the  electricity  at  rest  and  the  motion  of  the  disc 
through  it  to  produce  an  electromotive  force  in  the  direction  of 
motion  and  proportional  to  the  velocity  of  motion,  to  the  elec- 
trification, and  to  the  surface  resistance;  or,  as  Professor  Helm- 
holtz  has  suggested,  we  can  consider  the  el^tricity  to  move 
with  the  disc  and  as  it  comes  to  the  edge  of  the  inductor  to  be 
set  free  to  return  by  conduction  currents  to  the  other  edge  of 
the  inductor  so.as^to  supply  the  loss  there.  The  uroblem  is 
capable  of  solutton  in  the  case  of  a  disc  without  a  hole  in  the 
center  but  the  resultg^are  too  complicated  to  be  of  much  use. 
Hence  scrat<*hes  were  made  on  the  disc  in  concentric  circles 
about  -6  cm.  apart  by  which  the  radial  component  of  the  cur- 
rents was  destroyed  and  the  problem  became  easily  calculable. 

For,  let  the  inductor  cover  -  the  part  of  the  circumference 
of  any  one  of  the  conducting  circles;  then,  if  C  is  a  constant, 
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the  current  in  the  circle  outside  the  inductor  will  be  H — ,  and 

inside  the  area  of  the  inductor  — C .     On  the  latter  is  su- 
it 

perposed  the  convection  current  equal   to  +C.     Hence   the 
motion  of  electricity  throughout  the  whole  circle  is  — ,  what  it 

would  have  been  had  the  inductor  covered  the  whole  circle. 

In  one  experiment  n  was  about  8.  By  comparison  with  the 
other  experiments  we  know  that  had  electric  conduction  alone 
producea  effect  we  should  have  observed  at  the  telescope  —5' 
mil.  Had  electric  convection  alone  produced  magnetic  eflFect 
we  should  have  had  +6*7  mil.  And  if  they  both  had  effect  it 
would  have  been  +'7  mil.,  which  is  practically  zero  in  the 
presence  of  so  many  disturbing  causes.  No  effect  was  dis- 
covered, or  at  least  no  certain  eflfe«;t,  though  every  care  was 
used.  Hence  we  may  conclude  with  reasonable  certainty  that 
electricity  produces  nearly  if  not  quite  the  same  magnetic  eflFect 
in  the  case  of  convection  as  of  conduction,  provided  the  same 
quantity  of  electricity  passes  a  given  point  in  the  convection 
stream  as  in  the  conduction  stream. 

The  currents  in  the  disc  were  actually  detected  by  using 
inductors  covering  half  the  plate  and  placing  the  needle  over  the 
uncovered  portion ;  but  the  eflfect  was  too  small  to  be  measured 
accurately.  To  prove  this  more  thoroughly  numerical  results 
were  attempted,  and.  after  weeks  of  labor,  obtained.  I  give 
below  the  last  results  which,  from  the  precautions  taken  and  the 
increase  of  experience,  have  the  greatest  weight. 

The  magnetizing  force  of  the  disc  was  obtained  from  the 
deflectton  of  the  astatic  needle  as  follows.  Turning  the  two 
needles  with  poles  in  the  same  direction  and  observing  the 
number  n  of  vibrations,  and  then  turning  them  opposite  and 
finding  the  number  n'  of  vibrations  in  that  position,  we  shall 
find,  when  the  lower  needle  is  the  strongest, 

X"-"X'  "*ir"i — To  =  —5-", — T,  n  ^'  (1) 

Where  X'  and  X  are  the  forces  on  the  upper  and  lower  needle 
respectively,  J  the  deflection,  D  the  distance  of  the  scale  and 
H  the  horizontal  component  of  the  earth's  magnetism.  As  X' 
and  n'  are  very  small  the  first  term  is  nearly  A— X'.  The  tor- 
sion of  the  silk  fiber  was  too  small  to  affect  the  result,  or  at 
least  was  almost  eliminated  by  tht  method  of  experiment. 

The  electricity  was  in  the  first  experiment  distributed  nearly 
oniformly  over  the  disc  with  the  exception  of  the  opening  in 
the  center  and  the  excess  of  distribution  on  the  edge.  The 
sarface  densitv  on  either  side  was 
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V— V  being  the  difference  of  potential  between  the  disc  and 
the  outside  plates,  fi  the  thickness  of  the  disc  and  B  the  whole 
distance  apart  of  the  outside  plates.  The  excess  on  the  edge 
was  (Maxwell's  Electricity,  Art.  196,  Eq.  18), 

where  C  is  the  radius  of  the  disa 

We  may  calculate  the  magnetic  effect  on  the  supposition 
that,  as  in  the  conducted  current,  the  magnetizing  force  due  to 
any  element  of  surface  is  proportional  to  the  quantity  of  elec- 
tricity passing  that  element  in  a  unit  of  time.  The  magnetic 
effect  due  to  the  uniform  distribution  has  the  greatest  effect. 
With  an  error  of  only  a  small  fraction  of  a  per  cent,  we  may 
consider  the  two  sides  of  the  disc  to  coincide  in  the  center. 
Taking  the  origin  of  coordinates  at  the  point  of  the  disc  under 
the  needle  and  the  center  of  the  disc  on  the  axis  of  X  we  find 
for  both  sides  of  the  disc,  the  radial  component  of  the  force 
parallel  to  the  disc, 

'i)dxdy   ^ 


where  a  is  the  distance  of  the  needle  from  the  disc  and  h  that 
from  the  axis  ;  N  is  the  number  of  revolutions  of  the  disc  per 
second  and  t;= 28,800,000,000  centimeters  per  second  according 
to  Maxwell's  determination.  The  above  integral  can  be  ob- 
tained exactly  by  elliptic  integrals,  but  as  it  introduces  a  great 
variety  of  complete  and  incomplete  elliptic  integrals  of  all  three 
orders,  we  shall  do  best  by  expanding  as  follows : 

X=1^^^P=15JL^(A.H.A.+A,+  Ac).  (4) 

A  ,=2oi  arc  tan y  arc  tan )  "~  *  '*>ge  la* 

A,=-^j((*+J)loge^-2c), 
^•=1&  I  -4C«+(3«»+2»JH-a«)  loge^ 

+(6»«+3«»  J+«*(»+*))^  \  Ac,  Ac, 
where    «=^^^i|*~*,    M=a»-f (C+6)»,    N=so»+(C— J)". 
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From  this  must  be  subtracted  the  effect  of  the  opening  in  the 
center,  for  which  the  same  formula  will  apply. 

The  magnetic  action  of  the  excess  at  tne  edge  may  be  calcu- 
lated on  the  supposition  that  that  excess  is  concentrated  in  a 
circle  of  a  little  smaller  diameter,  C^,  than  the  disc; 

therefon,    X.=^-^J  ?^;-E(*)-FW  [.  (5) 

2  VC'6 
where  t=     —  ,  and  F(A)  and  E(A)  are  complete  ellip- 

tic integrals  of  the  second  and  first  orders  respectively. 

The  determination  of  the  potential  was  oy  means  of  the 
spark  which  Thomson  has  experimented  on  in  absolute  meas* 
ure.  For  sparks  of  length  /  between  two  surfaces  nearly  plane, 
we  have  on  the  centimeter,  gram,  second  system,  from  Thom- 
son's experiments, 

V-V'=ll7-6(/+-0135), 

and  for  two  balls  of  finite  radius,  we  find,  by  considering  the 
distribution  on  the  two  sheets  of  an  hyperboloid  of  revolution, 

V-V'=11V5  (H-0I36)  ^  log.^p^, 

where  r  is  the  ratio  of  the  length  of  spark  to  diameter  of  balls 
and  had  in  these  experiments  a  value  of  about  8.     In  this  case 

V- V'=109-6  (/+-0136).  (6) 

A  battery  of  nine  large  jars,  each  48*  c.  m.  high,  contained 
the  store  of  electricity  supplied  to  the  disc,  and  the  difference 
of  potential  was  determinea  before  and  after  the  experiment  by 
charging  a  small  jar  and  testing  its  Jength  of  spark.  Two 
determinations  were  made  before  and  two  after  each  experi- 
ment, and  the  mean  taken  as  representing  the  potential  during 
the  experiment 

The  velocity  of  the  disc  was  kept  constant  by  observing  a 
governor.  The  number  of  revolutions  was  the  same,  nearly, 
as  determined  by  the  sizes  of  the  pulleys  or  the  sound  of  a 
Seebeck  siren  attached  to  the  axis  of  the  disc ;  the  secret  of 
this  agreement  was  that  the  driving  cords  were  well  supplied 
with  rosin.     The  number  of  revolutions  was  61*  per  second. 

In  such  a  delicate  experiment,  the  disturbing  causes,  such  as 
the  changes  of  the  earth's  magnetism,  the  changing  temperature 
of  the  room,  &c.,  were  so  numerous  that  only  on  few  days  could 
numerical  results  be  obtained,  and  even  then  the  accuracy 
could  not  be  great  The  centimeter,  gram,  second  system,  was 
Qsed. 

First  Series.  0=205,  />=908,  n  =  -697,  D  =  110-,  H-182 
nearly,  B=l-68.  ft=bO,  C  =  1055,  N-61-,  t;=28,800,000,000-, 
«'=-0533,  C'=10. 
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iiean  values. 

1        6-736 

1       -2845 

J=---=-887  and  /=-2846. 


Henoe, 

From  equation  (1), 

X— -99  X'= 

806700" 

By  calculation  from  the  electrification  we  find 


=00000327. 


X— •99X'=. 


=  00000337. 


296800' 

The  eflTect  on  the  upper  needle,  X',  was  about  jV  of  that  ot 
the  lower  X. 

Second  Series.  Everything  the  same  as  before  except  the 
following.     6=7-65,  n'=0526. 
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J  =  -376,         /  =  •2966. 

BDce  for  this  case  we  have  from  equation  (1), 

1 


X— -OOX'zr 


=•00000317. 


315000- 

ad  from  the  electrification, 

X— -99  X'zr-—^-— =00000349. 
286000- 

Third  Series,     Everything  the  same  as  in  the  first  series, 

cept  A=81,  «'=-0521,  2^=114. 


Direction  of 
motion. 

Electrlflca- 
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Scale  reading 
in  mm. 

Deflection  on 
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Mean  values. 
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J  =  -380,         /z=-2926. 
For  this  case  from  equation  (1) 

X-  -99  X'=: =-00000339, 

296000-  ' 

and  from  the  electrification 

X-  -99  X'=z—^~-  =z -00000365. 
281600- 

The  error  amounts  to  3,  10  and  4  per  cent  respectively  in  the 
three  seriea  Had  we  taken  Weber  s  value  of  v  the  agreement 
would  have  been  still  nearer.  Considering  the  difficulty  of 
the  experiment  and  the  many  sources  of  error,  we  may  con- 
sider tne  agreement  very  satisfactory.     The  force  measured  is, 

we  observe,  about  -^t^kt^  of  the  horizontal  force  of  the  earth's 
'  50000* 

magnetism. 

The  difference  of  readings  with  -f  and  —  motion  is  due  to 
the  magnetism  of  rotation  of  the  brass  axis.  This  action  is 
eliminated  from  the  result 

It  will  be  observed  that  this  method  gives  a  determination 
of  v,  the  ratio  of  the  electromagnetic  to  the  electrostatic  system 
of  units,  and  if  carried  out  on  a  large  scale  with  perfect  instru- 
ments might  give  good  results.  The  value  i;= 300, 000,000- 
meters  per  second  satisfies  the  first  and  last  series  of  the  experi- 
ments the  best 

Berlin,  February  16th,  18*76. 


Art.  v. — Notes  of  Observations  on  Jupiter  and  its  Satellites  ;  by 

Maria  Mitchell. 

The  following  observations  were  made  at  the  observatory  of 
Vassar  College;  longitude  4»>  66«  33«,  latitude  41°  41'  18". 
The  instrument  used  was  the  Equatorial  telescope ;  the  power 
usually  230. 

1874,  May  2. — Observations  on  Jupiter  began  at  10*»  18". 
The  seeing  was  excellent  With  a  power  of  600  the  ruddiness 
of  the  equatorial  belt  was  brought  out ;  two  large  dark  spots 
on  its  upper  portion  were  very  striking  in  appearance,  the 
interceptea  space  between  them  being  conspicuously  white. 
The  shadow  of  the  4th  satellite  was  near  egress.  It  touched 
the  limit  of  the  planet,  in  internal  contact  at  10*>  37™  10""8, 
and  was  last  seen  at  11*»  2"  45"-8.  At  times  during  the  hour  I 
thought  the  shadow  was  followed  by  a  companion  shadow. 

1874,  May  3. — The  8d  satellite  of  Jupiter  was  occulted  at 
9h  lim  2«*5.  [This  observation  is  by  Miss  Fisher  (student) 
with  a  small  telescope.] 


M.  Mitchell — Obaervaiions  on  Jupiler  and  its  Satelliies.      89 

1874,  May  7. — ^The  ingress  of  the  1st  satellite  of  Jupiter  was 
bserved.  The  satellite  was  in  external  contact  at  10*»  50">  89«. 
?he  internal  contact  was  at  10*"  55"  7«. 

1874,  May  14. — Observations  on  Jupiter  b^an  at  8  P.  M, 
Dhe  broad  equatorial  belt  was  rosy  and  was  seen  fully  out  to 
he  following  limb.  The  shadow  of  the  8d  satellite  was  upon 
he  disc  The  shadow  was  dark  but  not  black.  I  could  not 
all  it  circular ;  the  longer  diameter  was  nearly  parallel  with 
be  equatorial  belt     It  left  the  planet's  disc  at  10*"  1"  11«"1. 

1874,  May  19. — The  noticeaole  peculiarity  of  the  planet's 
liflc  is  that  of  a  large  white  spot  on  the  broad  belt  near  the 
!eDter  at  8*"  10">  P.  M.  At  9*"  45""  no  trace  of  this  spot  could 
te  found,  although  the  equatorial  belt  was  seen  out  to  the 
>receding  limb. 

1874,  May  22. — ^There  was  a  very  decided  change  in  the 
pots  from  dark  to  light  between  9*""  6°»  P.  M.  and  9*"  85"  P.  M. 

1874,  May  28. — The  planet  was  unusually  striped.  The  broad 
)e]t  was  much  spotted  and  its  upper  part  heavily  shaded. 
Phere  was  a  n)sy  tin^e  over  the  whole  belt.  The  8d  satellite 
oocbed  the  limb  of  Jupiter,  at  ingress,  at  9''  56""  44"  P.  M.  Its 
nternal  contact  was  at  10*  6"  15*  p.  M.  Although  it  entered 
m  a  part  of  the  planet  which  was  not  bright,  it  could  be  fol- 
owea  only  ten  mmutes. 

1874,  June  2. — There  were  peculiar  white  markings  oh  the 
ower  part  of  the  equatorial  belt  of  Jupiter;  these  were  beyond 
.he  center  at  8""  25".  The  2d  satelhte  touched  the  limb  ih 
)Ccultation  at  8*  2"  14"-3;  was  wholly  occulted  at  8*  9"  42»-8. 

1875,  April  11. — Observations  on  Jupiter  began  at  midnight 
The  night  was  fine  and  the  planet  was  near  the  meridian.  The 
1st  satellite  touched  the  limb  in  ingress  at  0*"  87™  52*  A.  M. 
The  internal  contact  with  limb  was  at  0**  46"  16".  The  satel- 
lite was  last  seen  1*"  2"  51*,  although  it  was  upon  the  dark  belt 
The  shadow  was  followed  for  some  six  minutes  longer. 

1875,  April  28. — The  8d  satellite  of  Jupiter  was  wholly  off 
from  the  aisc  of  the  planet  at  7^  15"  2*  P.  M.  The  shadow  of 
the  8d  satellite  touched  the  limb,  at  egress,  at  7^  43"  7*  P.  M. 
The  shadow  was  wholly  off  at  8^  1"  51"  P.  M.  Measurements 
were  made  of  both  satellite  and  shadow.  The  diameter  of  the 
satellite  measured  2"*17,  of  the  shadow  l''-95. 

1875,  April  30. — The  8d  satellite  touched  the  following 
limb  of  Jupiter  at  8^  21"  19*'8.  The  internal  contact  was  at 
8*40"  24*'3.  The  shadow  of  the  satellite  was  fully  upon  the 
disc  at  9^  48""  9**8.  The  equatorial  belt  was  slightly  ruddy, 
and  dark  and  white  spots  could  be  seen  upon  it  The  1st  and 
4th  satellites  were  so  nearly  of  the  same  size  that  I  could  dis- 
tinguish them  only  by  position. 

1875,  May  10.  8  to  9.30  P.  M. — A  white  loop  extended  diag- 
onally over  more  than  half  the  equatorial  belt  of  Jupiter. 
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1875,  June  2. — Observations  began  at  7**  55"  P.  M.  A  very 
remarkable  white  spot  was  at  once  seen,  nearly  at  the  center  of 
fTupiter's  disc.  It  was  followed  by  a  very  dark  shading,  so 
that  it  strongly  resembled  a  satellite  and  shadow  in  transit 
The  white  spot  was  so  well  defined  as  to  be  easily  measured. 
The  longer  diameter  (oblique  to  equatorial  belt)  was  l"^. 
At  9  P.  M.  the  white  spot  was  approaching  the  limb  of  the 

Elanet,  turning  apparently  with  the  planet,  and  was  followed 
y  one  smaller  ana  less  distinct 

1875,  June  4.— Observations  began  at  7^  80°  P.  M.  At 
7^  54™  no  white  spot  could  be  seen.  At  8^  15°  the  white  spot 
with  the  peculiar  appearance  of  shadow  following  could  be 
seen,  as  on  June  2.  It  was,  at  this  time,  i  of  the  diameter  of 
Jupiter,  distant  from  the  following  limb.  At  9**  15°  the  sec- 
ona  white  spot  was  seen,  following  the  first,  as  on  June  2. 
The  1st  satellite  touched  the  limb  of  Jupiter  at  8**  21"  24»  p.  M. 
The  internal  contact  was  at  8**  26°  19*  P.  M.  The  satellite 
entered  upon  the  planet  below  the  broad  belt,  very  white, 
more  brilliant  than  the  spot,  but  smaller  and  scarcely  more 
conspicuous.  The  shadow  of  the  satellite  was  first  seen  upon 
the  disc  at  9*^  23°  44*  P.  M. 

1876,  May  30.— Observations  began  at  9^^  39°  P.  M.  The 
broad  belt  on  the  disc  of  Jupiter  was  mostly  above  the  equator. 
It  was  mottled  with  large  white  spots,  somewhat  rose-tinged. 
The  1st  satellite  as  it  approached  the  planet  was  of  a  dazzling 
whiteness;  it  entered  uptm  the  disc  above  the  lower  margin  (« 
the  equatorial  belt,  yet  it  could  be  seen  for  only  twelve  min- 
utes. The  shadow  entered  on  the  disc  about  sixteen  minutes 
later  very  black,  but  not  round,  the  longer  diameter  being 
nearly  perpendicular  to  equatorial  belt  1st  satellite  touched 
limb  of  Jupiter  at  9^  53°  26"  P.  M. ;  was  at  internal  contact 
9^^  59°  22".  The  shadow  was  wholly  on  the  disc  at  10^  15°  12* 
p.  M.  The  satellite  was  seen  at  10^  11°  82'  p.  M.  It  is  possible 
that  the  satellite  was  faintly  seen  at  10^  34°  2'. 

1876,  May  31. — ^The  peculiarity  in  the  appearance  of  Jupiter 
is  the  presence  of  bright  white  spots  on  the  upper  portion  of 
the  disc,  markings  resembling  faculea  on  the  Sun.  The  first 
satellite  was  seen  to  come  out  of  eclipse  at  9^*  44°  4l"*99. 

1876,  June  15. — Observations  on  Jupiter  began  at  8^  20°  P.  M. 
The  first  satellite  was  known  to  be  in  transit,  but  could  not  be 
seen  upon  the  disc.  The  shadow  of  the  1st  satellite  was 
wholly  within  the  limb  at  9'^  34°  51»-9.  At  9^  55°  36»-9  the 
8d  satellite  was  seen  to  come  out  from  (»ccultation.  At  9^  58° 
11''9  the  3d  satellite  was  wholly  out  and  shining  with  brilliant 
white  light  At  9**  20°  42*  the  ist  satellite  was  found,  appi-oach- 
ing  the  preceding  limb,  a  dull  gray  figure,  elliptic  in  shape,  the 
major  axis  being  perpendicular  to  equatorial  belt     When  this 


J.  p.  Qjoke — Atomic  Weight  of  Antimony.  41 

satellite  reached  the  limb  it  was  as  white  as  the  8d  satellite,  and 
roaod.  The  transit  was  made  across  the  brightest  part  of  the 
disc  and  where  there  were  no  perceptible  variations  of  brilliancy. 
The  Ist  satellite's  last  contact  with  limb  was  at  10^  2"  47'. 

1876,  June  22.— Observations  began  at  10^  12"*  P.  M.  The 
Ist  satellite,  known  to  be  apon  the  disc,  could  not  be  found. 
The  shadow  was  wholly  on  at  10^  26"  66'.  The  satellite  was 
seen,  dusky,  oval  and  gray,  from  10^  55"  88"  to  11^  10"  88". 

1877,  June  18. — The  shadow  of  the  2d  satellite  was  seen, 
wholly  entered  upon  the  disc,  at  11^  20"  45'.  The  satellite 
itself  touched  the  limb  at  11^  86"  07';  was  at  internal  contact 
at  11*  43"  80». 

1877,  June  19.— The  8d  satellite  touched  the  limb  of  the 
planet  at  10*  47"  58'.  The  internal  contact  was  at  10*  69"  10». 
The  Ist  satellite  reappeared  from  occultatiou  at  11*  4"  51*. 
The  ruddiness  of  the  equatorial  belt  was  noticed  by  several 
observera 


Abt.  VL — Revision   of  Hie  Atomic   Weight  of  Antimony ;  by 

JosiAH  P.  CooKE,  Jr. 

[Abstract  of  •  pi^r,  in  the  Proceedings  of  the  American  Academy  of  Arts  and 

Sciences,  xiii,  1,  prepared  by  the  Author.] 

In  1856,  R.  Schneider  of  Berlin  made  a  very  careful  deter- 
mination of  the  atomic  weight  of  antimony  and  obtained  for 
its  value  120*8.  His  method  consisted  in  reducing  native 
antimony  glance  by  means  of  hydrogen  and  his  investigation 
was  a  model  of  its  kind.  In  his  paper^  all  the  details  of  the 
experimental  work  are  given  and  it  is  evident  that  every  precau- 
tion was  taken  which  the  circumstances  required.  In  1857, 
Dexter  by  oxidizing  the  metal  with  nitric  acia  obtained  for  the 
same  constant  the  much  higher  value  122'8,t  and  soon  after 
this  result  was  apparently  closely  confirmed  by  Dumas,  whose 
aoalyses  of  antimonious  chloride  gave  almost  precisely  1224 
The  present  investigation  was  undertaken  with  the  view  of 
reconciling  if  possible  the  large  discrepancy  between  the  results 
of  these  equally  careful  and  accurate  experimenters.  It  was 
suggested  by  the  method,  devised  by  the  author,  of  precipitating 
salphides  which  was  described  in  a  previous  number  of  this 
JoQmaI.§  This  seemed  to  afford  a  very  accurate  method  of 
making  the  synthesis  of  antimonious  sulphide  and  thus  of  revis- 
ing the  analysis  of  Schneider.  In  carrying  out  the  method, 
however,  unexpected  difficulties  were  encountered  which  are 
discussed  at  length  in  the  original  paper.     Two  of  these  arose 

^  PoggendorfTs  Annalenf  xCYiii,  455,  June,  1856.    \  Ibid,  c,  563,  April,  1857. 
X  Ann.  Cbem.  ei  de  Phys.,  Ill,  Iv,  175,  Feb.,  1859.    §  This  JoumiO,  lU,  zui,  427. 
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from  the  circumstance  that  the  antimonious  sulphide  as  usually 
precipitated  occludes  a  small  amount  of  tartaric  acid  on  the 
one  hand  and  of  oxichloride  of  antimony  on  the  other.  These 
occlusions  tend  to  produce  errors  in  opposite  directions,  for 
when,  before  weighing,  the  red  antimonious  sulphide  is  heated 
to  the  point  of  its  conversion  into  the  gray  modification,  the 
tartaric  acid  is  charred,  and  the  carbonaceous  residue  increases 
the  apparent  weight  of  the  product ;  while  on  the  other  hand 
the  oxichloride  of  antimony  is  decomposed  at  the  same  tem- 
perature and  the  antimonious  chloride,  which  volatilizes,  tends 
to  diminish  the  weight  of  the  product  In  the  earlier  deter- 
minations these  causes  of  error  were  balanced  as  nearly  as 
possible  by  regulating  the  conditions  of  the  precipitation ;  but 
It  was  subsequently  round  to  be  possible  to  entirely  prevent  the 
occlusion  of  antimonious  oxichloride,  and  in  all  the  later  deter- 
minations allowance  was  made  for  the  small  amount  of  carbon- 
aceous residue,  which  was  accurately  estimated  in  every  case. 

In  the  preparation  of  pure  metallic  antimony,  we  were 
greatly  guided  by  the  experience  of  Mr.  Dexter  ;*  and  our 
several  products  must  have  been  very  similar  to  his,  as  the  fol- 
lowing determinations  of  the  specific  gravities  of  the  different 
buttons  show.  The  observed  values  were  reduced  to  4°  C,  on 
the  assumption  that  the  coefficient  of  cubic  expansion  for  anti- 
mony between  O"*  and  100°  C.  is  for  each  degree  0*000033,  as 
observed  by  Kopp.  The  letters  here  given  will  be  used 
throughout  the  table  to  designate  the  various  specimens.  As 
might  be  supposed,  the  specimens  were  prepared  at  different 
times  and  at  different  stages  of  the  investigatron,  but  the  results 
are  united  here  for  the  convenience  of  comparison  and  of  refer- 
ence. 

Specific  Gravities  op  Buttons  of  Pure  Metallic  Antimony. 


Obaenrations  of  J.  P.  C,  Jr. 

A 6-7026 

B 6-7036 

C 6-6957 

D 6-7070 

E 6-7022 

F 6-7023 

Mean 67022 


Observations  of  W.  Dexter. 

b 6-7087 

c 6-7026 

c 6-6987 

d 6-7102 

e 6-7047 

e 6-7052 

Mean .6*7050 


The  processes  used  in  preparing  the  several  buttons  just 
referred  to,  the  method  by  which  the  metal  was  brought  into 
solution  in  its  lowest  conaition  of  quanti valence,  and  the  man- 
ner in  which  the  antimonious  sulphide  was  precipitated,  col- 
lected, dried  and  weighed  are  all  described  at  length  in  the 
original  paper.  The  following  table  shows  the  results  which 
were  obtained. 

^Poggendorfl's  Annalen,  o,  664  (2.  c). 


»1 

CO  *     *     *     ->     -»  4. 

I  ^  C4  eO  lO  o»  04 

"  O  00  O  X  00  00 

N«  •  •  •       «  •  • 

jj  o  oa  o  o  c  o 

S  "J^  »-«  C^  C^   M  ©4 

jS  i-I  ,—   i-^  ,-«,-«  r-* 


rv«  ^  t-  ic  -^  S 

<N  ^  ^  Oi  ^  ©a 

■  O  O  O  A  O  o 
'  C4  (N  01  ^  C4  c4 

•    ^H    — <    •—    1-^    »—    ,« 


CD 

08  *P  ^  »p  ^  ^  *p 

80    XQOQOQOdodo 
9 


'ooaoooooxaDOOaD 


o 
o 


^ 

^ 


Jo  !^  ^  o  ^  o 

•C  00  to  io  e*  00 

•0?-i  50  t*  00  o  -^ 

«^  O  i-«  G6  06  0> 

Cfi^«^  00  OS  5M  0«  04 

QQ 


4* 


•  .  O  C»  1-4  00  04  •  A 
I       I  ^^  O   X  00  04  I  4D 

I  ^  ^  ©  JC^  O  •  00 

I       i  X  Cd  Cd  C<1  -«  I  00 

•  '  O*  O*  01  CO  00  •  00 


I 


GQ 


0»^0>-^-t*0»^-^*'*''00'^OC4X'^C» 
t^CDtO^»00>0>0>0^-060»^0>  —  G6 


Cs|  CO  CO 

^^eotf50t^t'-05*^'^*'5000oar«-»ot>- 

ooxxxxxoooooodoxooooxoooo 


o 

CD 


X  X  00  1-4  X 
0>  1^  X  iC  o 
X  !>  CO  O  10 

p  f^  a»  o  o> 

00   50   C^  C«  C^ 


lOcooie^oioo  •« 

icoo'^^ot^o  »eo 

i»CO>00Cipo*»-H  iCO 

•c^o«c^oi'»coeo  CO 


H 


•ri 

El  O 

=5§ 


o 


O 


CdO>;Oi-4CO  iXCt'^i>Sil—  Ol  "CO 

•Ol'-COl'^O  iCOCOC(?4C0   —  X  1-^ 

oooai'-.— •  iO»— •'^t'ot'^-^  ix 

C^IOICO—  '?^7^?^TT00'N  'CO 


9} 


??   <?»   CO  X  t>- 

C4  eo  ic  Od  X 
ooxi-^-c   S'^X 

-M  (N  O  O   — <  •—  O   O 


o 
':3  o  -t 

flj   CO   Ci 


X  o 

X  o 

—  o 

o  -^ 


2  ooooo  soooc 


Qi 


c^ 


X 

^* 

o 

-f  O  X  • - 

-^  CO  ^   2 
«-H  CO  <N  .:= 

•  •  •  ^M 

000  = 


Ot-OOC^O^OOiO 

?0   —  .-Ht>-i— iV-OOl-^ 

^       o      .^i>      ;<^     .^^  r'^     J^^ 


CO 

O  C  -  . 

c  ^  c  oa  o  g  «.^  o 

4/ 


CO 

'-  o 

o  o 


t^  »0  X  '^   »<^ 


0  O  C    cc 
f  o  o  ^ 

01  C^  Ol  t*-i 

o 


CD 

c 
o 

c  £ 


CO 
CO  i-« 

o  i 
9  ts 

o 


<iw&4<;p4  "<<i;:q:a;=:cda  5C  S 


9  S    . 

3    =    =  5 
•   «    O   « 


Sr  fl  3  «o 

O    O   c;    5 

©  s  ®  « 


»— '  C^  CO  "^  10 


CO  t-  X  0  O  ^  <M 


CO 


•^ 


44  «/.  P.  Cooke — Atomic  Weight  of  Antimony. 

We  were  for  some  time  in  doubt  in  what  condition  the  sul- 
phide of  antimony  ought  to  be  weighed,  in  order  to  obtain  the 
most  accurate  results.  Our  final  judgment  was  that  the  errors 
already  referred  to  would  best  be  balanced,  while  others  would 
be  avoided,  by  weighing  the  sulphide,  after  it  had  been  dried, 
at  from  180°  to  200°,  but  before  it  was  actually  converted  into 
the  gray  sulphide.  This  conversion  takes  place  between  210' 
and  220°,  varying  to  that  extent  in  diflferent  cases.  The  change, 
as  we  infer,  is  attended  with  a  sudden  evolution  of  heat,  and 
the  action  is  quite  violent  Small  particles  of  the  material  are 
frequently  projected  from  the  vessel,  and  we  sometimes  noticed 
that  the  surface  of  the  platinum  nacelle  became  coated  with  the 
familiar  sublimate  of  sulphide  of  antimony.  If  there  is  oxi- 
chloride  in  the  precipitate,  there  may  be  an  additional  volatiliza- 
tion of  chloride  of  antimony  at  this  time  ;  but  the  main  loss,  as 
we  have  constantly  observed,  takes  place  before  the  point  of 
conversion  is  reached.  We  therefore  concluded  that  more 
trustworthy  results  could  be  deduced  from  the  weight  of  the 
red  sulphide  dried,  as  we  have  described,  than  from  that  of  the 
gray ;  and,  as  will  be  seen,  this  judgment  was  fully  confirmed 
by  subsequent  experiments  on  the  haloid  compounds.  We 
have,  however,  in  all  but  two  instances  weighed  the  sulphide 
in  both  conditions,  and  we  give  the  results  of  both  weighings; 
and  on  comparing  these  results  in  determinations  eight  to 
thirteen  inclusive  of  the  table  on  page  48,  which  were  made 
under  the  nearly  identical  conditions  we  have  above  indicated, 
it  will  be  seen  that  the  differences  are  far  smaller  with  the  red 
sulphide  than  with  the  gray,  which  shows  conclusively  that 
additional  causes  of  error  must  have  affected  the  last  weights, 
— ^a  circumstance  which  sustains  our  judgment. 

In  the  first  twelve  determinations  we  did  not  estimate  the 
amount  of  the  carbonaceous  residue,  which  is  assumed  to  be 
balanced  by  the  loss  of  chloride  of  antimony,  although  we 
always  tested  the  purity  of  the  sulphide  of  antimony  by  dis- 
solving it  in  hydrochloric  acid,  as  described.  In  determination 
numbered  thirteen,  we  succeeded  in  precipitating  the  antimony 
without  the  usual  occlusion  of  oxichloride.  In  this  case,  there 
was  no  evidence  of  sublimation  nor  loss  during  conversion,  but 
a  proportionally  large  carbonaceous  residue,  which  was  deducted 
from  the  weight  of  the  sulphide;  and  the  result  of  this  deter- 
mination, as  will  be  seen,  still  further  corroborates  our  conclu- 
sion. The  same  is  true  of  the  analyses  of  chloride  of  antimony 
made  more  recently,  in  which  we  dissolved  crystallized  chloride 
of  antimony  in  a  concentrated  aqueous  solution  of  tartaric  acid, 
without  using  any  excess  of  hydrochloric  acid.  In  these  cases 
also,  the  drying  of  the  precipitate,  and  the  conversion  from  the 
red  to  the  gray  modification,  were  attended  with  no  appearance 
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of  sublimation.     Were  we  to  repeat  the  investigation  with  our 
present  knowledge,  we  should  follow  the  indications  of  these 
Uist  analyses;  and  instead  of  attemping  to  make  the  two  chief 
errors  as  small  as  possible,  and  balance  them,  we  should  seek 
to  remove  from  the  solution  all  the  free  hydrochloric  acid,  and 
thus  eliminate  the  error  due  to  the  occlusion  of  oxichlorida    It 
would  then,  of  course,  be  necessary  to  determine  in  all  cases 
the  carbonaceous  residue,  which  might  however  be  very  large, 
withont  impairing  the  accuracy  of  the  result     Still,  our  experi- 
ence with  tnese  antimony  detenninations  would  lead  us  to  fear 
that  we  might  thus  raise  up  as  many  hindrances  as  we  avoided, 
and  the  determination  we  nave  given  as  No.  18  is  sufficient  for 
allpurposes  of  comparison. 

This  point  in  our  investigation  was  reached  in  the  spring  of 
1876,  and  the  results  given  above  were  presented  to  the  Ameri- 
can Academy  of  Arts  and  Sciences  at  their  meeting  of  June 
14thy  1876.     But  although  they  agreed  so  closely   with  the 
results  of  Schneider,  and  although  the  close  confirmation  of  his 
analysis  thus  furnished  by  our  synthesis  seemed  so  conclusive, 
yet  we  could  not  rest  satisfied  so  long  as  the  great  discrepancy 
between  this  value  of  the  atomic  weight  and  the  higher  number 
obtained    by  Dumas   remained  unexplained.      We  therefore 
determined  to  repeat  his  experiments  before  publishing  our 
reBolta     Accordingly,  in  the  autumn  of  1876,  we  purified  and 
analyzed  a  large  number  of  difierent  specimens  of  antimonious 
chloride,  and  the  results  are  united  in  the  following  table. 
Banning  with  crystallized  chloride  of  antimony  obtained  from 
diirorent  dealers,   and  pure  in  a  commercial  sense,  we  first 
boiled  for  several  hours  the  melted  chloride  over  finely  pulver- 
ized metallic  antimony,  using  for  the  purpose  a  glass  retort,  so 
tilted  that  the  condensed  liquid  flowed  back  into  the  body  of 
the  vessel     When  boiled  in  this  way,  the  surface  of  the  vapor 
is  marked  by  a  very  well-defined  ring  in  the  neck  of  the  retort ; 
and  by  regulating  the  lamp  this  ring  can  readily  be  maintained 
very  near  the  mouth,  so  that,  while  all  the  chloride  of  antimony 
condenses  and  flows  back,  any  more  volatile  admixtures  will 
gradually  escape.    The  retort  having  been  brought  into  its 
normal  position,  the  chloride  of  antimony  was  next  distilled ; 
and,  rejecting  the  first  and  last  eighth  which  came  over,  the 
lest  of  the  product  was  redistilled  over  strips  of  metallic  zinc, 
and  so  on  tnree  or  four  times,  rejecting  at  each  distillation  the 
first  and  last  of  the  product     The  final  distillate  was  then  still 

(farther  purified  by  repeated  crystallizations  from  fusion.     As 
the  fused  mass  solidifies  quite  slowly  (indicating  a  large  loss  of 
latent  heat),  it  is  easy  to  arrest  the  process  at  any  point,  and 
£)ur  off  the  still  liquid  portion  from  the  crystals  which  have 
nned.      The    last    can  then  be  remelted,  and  the  process 


46  J.  P.  Cooke — Atomic  Weight  of  Antimony 

repeated,  and  so  on  indefinitely  as  long  as  the  material  lasts. 
In  this  wa}',  from  several  kilograms  of  the  commercial 
chloride  we  obtained  the  few  grams  of  beautifully  clear  and 
perfect  crystals  used  in  our  analyses.  In  the  fifth  preparation, 
the  crystals  were  obtained  not  by  fusion,  but  by  cooling  a 
saturated  solution  of  the  previously  distilled  chloride  in  purified 
sulphide  of  carbon.  Such  a  solution,  saturated  at  the  boiling 
point  of  sulphide  of  carbon,  deposits  the  larger  part  of  the 
chloride,  when  cooled  to  the  ordinary  temperature.  Naturally, 
every  precaution  was  taken  during  the  course  of  these  prepara- 
tions to  protect  this  exceedingly  hygroscopic  substance  finam 
contact  with  moist  air,  and  all  the  transfers  were  made  in  a 
portable  photographic  developing  chamber,  the  air  of  which 
was  kept  dry  oy  dishes  of  sulphuric  acid.  The  portions  for 
analysis  were  transferred,  in  this  chamber,  to  tightly  fitting 
weighing  tubes ;  and,  after  the  weight  was  taken,  they  were 
dissolved  in  a  concentrated  aq^ueous  solution  of  tartaric  acid, 
using  about  five  grams  of  tartaric  acid  to  each  gram  of  chloride 
of  antimony.  The  solutions  were  then  diluted,  and  precipitated 
with  argentic  nitrate,  weighing  out  in  each  case  the  amount 
required,  so  that  only  the  least  possible  excess  of  the  reagent 
should  be  added.  The  precipitates  were  washed  and  collected 
by  reverse  filtering  in  platinum  or  porcelain  crucibles,  and  dried 
in  an  air  bath  at  temperatures  varying  from  110°  to  120**. 
They  were  weighed  witn  the  small  disk  of  paper  used  in  this 
process,  and  the  invariability  of  the  weight  of  these  paper  disks 
was  repeatedly  tested.  Also,  in  several  instances  after  remov- 
ing the  filter,  the  argentic  chloride  was  heateil  to  incipient 
melting ;  but,  as  in  no  case  was  its  weight  thus  altered,  this 
additional  precaution  seemed  unnecessary.  In  the  determina- 
tion numbered  17,  an  attempt  was  maae  to  ascertain  whether 
the  presence  of  antimony  in  the  tartaric  acid  solution  appre- 
ciably influences  the  precipitation  of  argentic  chloride.  In  this 
analysis,  the  antimony  was  first  separated  from  the  solution  by 
HjS ;  and,  the  excess  of  this  reagent  having  been  removed  by 
warming  the  filtrate  with  a  small  amount  of  ferric  nitrate,  the 
chlorine  was  precipitated  in  the  usual  way.  The  results,  as 
will  be  seen,  agree  as  nearly  as  could  be  expected  with  those 
obtained  by  at  once  precipitating  the  chlorine  from  the  anti- 
mony solution." 

The  letters  in  the  following  table  indicate  difierent  prepara- 
tions, thus: — 


a  Was  made  from  a  crystallized  chloride  of  Yeron  and  Fontaine,  Paris,  whidi 

purified  in  the  manner  described  above. 
h  Was  made  from  a  crystallized  chloride  marked  Rousseau  FrSres,  Paris,  purified 

as  before, 
c  Was  the  same  as  5,  again  distiUed  and  crystallized, 
d,  The  same  as  c,  after  ten  additional  distillations. 
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<;  The  same  as  d,  again  distiUed  below  100^  in  a  cnrrent  of  dry  hydrogen  gas. 

/  Waa  made  wi^  a  crystallized  chloride  from  Merck  of  Darmstadt,  purified  by 
repeated  distillations  and  sabsequent  crystallizations  from  bisulphide  of  car- 
boo,  after  first  treating  with  chlorine  as  described  beyond. 

f,  Same  as  f,  bat  in  this  determination  the  antimony  was  first  precipitated  from 
the  solution. 

Analysis  of  Antimoiiious  Chlobidx. 
DmnfiVATioir  of  GiiLOBDn. 


Ha 

1  o. 
2a. 
3& 

BbCls. 
grama. 

1  -5974 
1-2533 
0-8876 

yielded 

AgOL 
grams. 

3-0124 
2-3620 
1-6754 

)( cf  Chlorine. 
01=36-6. 
Ag=108. 

46*653 
46-623 
46*696 

Al  Wl  of  8b. 
01=35*6. 

121*78 
121*93 
121*57 

4& 
6& 

0-9336 
0-5326 
0*7270 

ii 

1-5674 
1-0021 
1-3691 

46*516 
46*446 
46*588 

122-46 
122*30 
12210 

7  e. 

8  c 

1-2679 
1-9422 
1-7702 

2*3883 
3-6646 
3*3384 

46-599 
46-678 
46*655 

122*04 
121*66 
121*77 

\0d. 
11  d. 

2-5030 
2-1450 

U 
U 

4*7184 
4-0410 

46-635 
46-616 

121*87 
121*96 

12  e. 

13  e. 

1-7697 
2-3435 

tt 

ii 

3-3281 
4-4157 

46*524 
46*613 

122*42 
121*98 

14/ 
15/ 
16/ 

1*3686 
1-8638 
2*0300 

M 
il 

2-5813 
3-5146 

3-8282 

46-659 
46*650 
46*653 

121-75 
121-79 
121*78 

17^. 

2-4450 

li 

4-6086 

46*630 

121*89 

Mean  valne  for  all  analyses    46*620 

Theory  when  Sb  =  122            46-608 

"           "      8b  =120            47  020 

121*94 

122- 

120* 

K  in  calculating  the  per  cent  of  chlorine  from  the  results  of 
the  above  determinations  we  use  the  atomic  weights  for  silver 
and  chlorine  obtained  by  Stas  (namely,  CI— 36'457  and  Ag= 
107-98),  these  per  cents  will  be  in  each  case  very  nearly  0*020 
lower,  and  we  shall  obtain  for  the  mean  value  46*600  instead 
of  46*620.  Moreover,  on  this  assumption  the  atomic  weight  of 
antimony,  deduced  from  Dumas's  analysis  of  the  chloride,  would 
be  121*95  instead  of  122.  Again,  if  we  use  Stasis  value  of  the 
atomic  weight  of  sulphur  (S=82  074)  in  calculating  the  atomic 
weight  of  antimony  from  our  own  results,  on  the  synthesis  of  the 
salphide,  we  should  obtain  120*28  instead  of  120 ;  and,  lastly,  the 
Tftlues  Sb=120*28  and  01=86*457  give  for  the  per  cent  of 
chlorine  in  antimonious  chloride  the  value  46*981. 

Here,  then,  is  a  most  strijdng  result :  for  these  determina- 
tions confinn  the  yalue  of  the  atomic  weight  of  antimony 
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obtained  by  Dumas  as  closely  as  did  the  previous  determina- 
tions confirm  that  obtained  by  Schneider.  Evidently,  there 
was  a  large  constant  error  in  one  case  or  the  other.  Moreover, 
it  appeared  improbable  that  in  either  case  any  error  could  arise 
in  tne  chemical  process  employed :  for,  in  the  first  instance,  we 
had  a  synthesis  by  one  method  confirming  an  analysis  by  a 
wholly  different  method ;  and,  in  the  second  instance,  the  analy- 
tical process  employed  is  regarded  as  one  of  the  most  accurate 
known  to  science,  and  we  had  apparently  shown  that  its  accu- 
racy was  not  impaired  under  tne  peculiar  conditions  present 
It  appeared,  therefore,  reasonable  to  assume  that  the  results  did  ; 
truly  indicate  both  the  actual  proportion  of  antimony  in  the  , 
sulphide  of  antimony  and  of  chlorine  in  the  chloride  of  anti- 
mony analyzed,  and  to  look  for  the  cause  of  the  discrepancy  to 
some  impurity  in  one  or  the  other  compound.  We  therefore 
next  sought  to  determine  how  much  sulphide  of  antimony 
could  be  obtained  from  a  given  weight  of  chloride  of  antimony, 
hoping  that  by  thus  bringing  the  relations  of  antimony  to 
chlorine  and  sulphur  into  close  comparison  the  source  of  the 
error  might  be  indicated. 

The  following  table  exhibits  the  results  of  these  antimony 
determinations,  as  well  as  the  general  result  of  the  assumed 
complete  analysis  of  antimonious  chlorida  The  per  cent  of 
chlorine  taken  is  the  mean  of  the  first  thirteen  determinations 
of  the  previous  table,  as  these  only  had  been  made  at  the  time 
the  second  table  was  drawn  up,  and  it  therefore  exhibits  the 
results  exactly  as  they  were  presented  to  us  at  this  stage  of  the 
investigation. 

Analysis  of  Antimonious  Chloride. 


Determinatiok  of  ANnMomr. 


SbCl,  taken  in 

SbfS,  obtained 

%  of  Antimony  when 

grams. 

in  grams. 

8b 

:S=120:.32.» 

1  h.       3-8846 

2-8973 

53-275 

2h.       6-1317 

8-8417 

63-473 

8  b.      4*4480 

3-3201 

53-316 

4  h.      4*5506 

3-4009 

53-882 

5  b.      4-8077 

3-6072 

53-593 

6  b.      4-2774 

31958 

53-367 

Mean  of  all  An 

lalyses 

63-401 

%  of  Antimony  if 
8b:  8=122 :32.t 

63-525 
58-725 
53-667 
53-633 
53-846 
53-618 
53-652 


Mean  Results  of  Complete  Analysis. 


Antimony,  the  mean  of  six  detenninations  53-401  53-652 

Chlorine,       "  "     thirteen     "  46-611 J        46-611J 

100*012        100*263 

*  Or  assuming  that  \  of  the  gray  sulphide  .is  antimony,  as  deduced  from  actual 
synthesis. 

J  According  to  the  generally  accepted  theory. 
When  01=36*5  and  Ag=108,  aooording  to  Dumas. 


6'  J7.  Shepardj  Jr. — A  new  mineral,  Pyrophosphorite,       49 

As  they  at  first  presented  themselves  to  us,  these  new  results, 
80  far  from  throwing  light  on  the  subject,  only  rendered  the 
problem  the  more  obscure  and  baffling.  Towards  interpreting 
them,  however,  one  point  seemed  evident : — that,  however  little 
value  our  own  experiments  and  those  of  Schneider  might  have 
in  fixing  the  atomic  weight  of  antimony,  they  had  at  least 
established,  beyond  all  doubt,  the  proportion  of  this  element  in 
the  gray  sulphide  weighed  in  our  antimony  determinations. 
For  if  we  assumed,  as  those  experiments  indicated,  that  five- 
Bevenths  of  this  gray  sulphide  was  antimony,  then  the  amounts 
of  antimony  and  chlorine  found  in  the  analysis  of  antimonious 
chloride  just  made  almost  exactly  supplemented  each  other ; 
while  on  the  other  hand,  if  this  material  was,  as  generally 
believed,  pure  Sb^S,,  in  which  Sb :  S=122 :  32,  then  our  deter- 
minations of  one  or  the  other  of  these  elements  must  be  greatly 
erroneous,  and  the  excess  obtained  far  too  great  to  be  explained 
by  any  known  or  probable  imperfections  of  our  methods.  Of 
oonrse,  although  the  gray  sulphide  might  contain,  on  the  aver- 
age, five-sevenths  of  its  weight  of  antimony,  it  was  a  possible 
supposition  that  it  might  also  occlude  a  constant  amount  of 
some  undiscovered  impurity,  leaving  the  proportion  of  the 
sulphur  to  the  antimony  that  which  the  atomic  weights  122  and 
82  required ;  and,  were  it  not  for  our  previous  experience,  this 
would  have  been  the  most  obvious  explanation  of  the  discrep- 
ancy. Indeed,  the  new  facts  led  us  to  re-examine  this  mate- 
rial, and  review  our  previous  conclusions,  but  with  the  same 
result  as  befora  We  could  discover  no  impurity  except  the 
small  amount  of  carbonaceous  material  which  was  well  known 
and  taken  into  the  account,  and  in  our  later  determination  even 
this  had  been  reduced  to  so  small  an  amount  as  to  be  wholly 
insignificant. 

[To  be  continued.] 


Art.  VIL — On  a  new  mineral^  Pyrophosphorite:  an  Anhydrous 
Pyrnphosphaie  of  Lime  from  the  West  Indies ;  by  Charles 
Upham  Shepard,  Jr.,  Professor  of  Chemistry  in  the  Medi- 
cal College  of  the  State  of  South  Carolina. 

Through  the  kindness  of  Mr.  C.  C.  Wyllie  of  London,  Eng- 
land, I  have  been  put  in  the  possession  of  a  few  small  fragments 
of  a  mineral  phosphate  from  a  new  locality  in  the  West  Indies. 
Commercial  considerations  forbid  at  present  the  publication  of 
the  precise  position  of  this  deposit,  but  later  I  hope  to  be  able 
to  announce  it,  as  also  to  give  information  with  regard  to  the 
extent,  mode  of  occurrence,  and  so  on. 
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The  mineral  is  generally  snow-white  and  opaque,  with  here 
and  there  a  slight  tinge  of  bluish-gray.  The  white  portion  is  dull 
and  has  an  earthy  fracture  like  magnesite;  the  grayish— con- 
stituting perhaps  one-third  of  the  mass — is  small-ootryoidal 
like  gibbsite,  and  is  somewhat  the  harder  of  the  two. 

The  specific  gravity  varies  between  2*60  and  2'63 ;  hardness 
between  8  and  3*5.  Before  the  blowpipe  it  melts  with  diflB- 
cnlty  on  the  edgesi  to  a  whitish  enamel. 

The  following  are  the  resulis  of  several  chemical  analyses  of 
the  mineral,  as  executed  on  two  different  portions  of  material : 

l8t  Series. 

Loss  on  ignition 0-390 

Lime 44*60 

Magnesia 3*04 

Sulphuric  acid 067 

Phosphoric  acid 60*97 

Silica 0-30 

Oxide  of  iron  and  alumina    

100178 

If  we  add  together  the  adventitious  ingredients,  viz :  the 
pyrophosphates  of  iron  and  alumina  (taking  an  equal  portion 
of  phospnoric  acid  as  the  oxide  of  iron  preponaerates),  the 
sulphate  of  lime,  silica  and  loss  on  ignition,  we  obtain : 

Percent. 

Pyrophosphates  of  iron  and  alumina 0*874 

Sulphate  of  lime 1*068 

Silica 0*307 

Loss  on  ignition 0*390 

2*699 
There  remain. 

Per  cent 

Lime 44*022     or     46*16^ 

Magnesia 3  -090  3*17      on  raising  the 

Phosphoric  acid    60*362  61*67 


2d  Series. 

Mean. 

0*390 

44*424 

44*462 

3*141 

3  090 

0*687 

0*628 

60*629 

60-799 

0-434 

0*367 

0*437 

0*437 

►  97*474  per  cent 
to  100  per  cent. 


97*474  100*00 

The  above  composition  agrees  with  the  formula 

2MgO,P,0,+4(5CaO,2P,0.)*or2MgO,P,0,+4  j  gCaOlp'oJ 
which  would  require  the  following  amounts  of 

Bj  calculatioiL  Actaallj  found. 

Lime 46*20  per  cent.  [46*16  per  cent. 

Magnesia ....     3*23  3*17 


Phosphoric  acid..  61*67 


100-00 


61*67 


100*00 


* BzpiMMd  aooording  to  atomic  CTStem  MgtP.OT  +4 1  ^'p*Q^  [ 
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The  mineral  therefore  is  (essentially)  anhydrous  ortho- 
pyrophosphate  of  lime  with  pyrophosphate  of  magnesia.  The 
absence  of  water  naturally  suggests  that  its  repository  must 
bave  been  in  contact  with  some  igneous  formation.  The  pro- 
portion of  phosphoric  acid  exceeds  that  of  any  known  calcic 
phosphate,  and  it  is  likewise  distinguished  by  its  excess  of  phos- 
phone  acid  over  the  bases,  in  conjunction  with  almost  total 
absence  of  water  of  chemical  combination.  This  latter  property 
separate?  it  distinctly  from  the  class  of  phosphates  represented 
bj  the  Mejillones  and  Baza  deposits. 


SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1,  On  the  Direct  Combtistion  of  Nitrogen. — Kammebkr  has 
described  an  interesting  lecture  experiment  to  show  the  direct 
onion  of  the  nitrogen  and  oxygen  of  air.  In  a  cylinder  or  globe 
of  about  two  liters  capacity  nlled  with  air,  a  piece  of  burning 
magnesium  ribbon  about  thirty  to  forty  centimeters  long,  is 
placed.  When  the  combustion  of  the  magnesium  is  ended,  an 
intense  odor  of  nitrogen  tetroxide  is  perceiyed,  and  when  the  mag- 
nesium oxide  has  deposited,  the  cnaraeteristic  color  of  this  gas 
may  be  observed.  By  f)oiiring  into  the  jar  a  solution  of  potas- 
sium iodide  acidified  with  acetic  acid,  and  agitating,  the  Drown 
color  of  free  iodine  at  once  appears,  which  strikes  a  deep  blue 
color  when  starch  solution  is  added. — Ber.  BerL  Chem,  Ges.^  x, 
1684,  Oct.,  1877.  G.  p.  B. 

2.  On  the  Relative  Attraction  of  Oxygen  for  Hydrogen  and 
Carbonous  oxide, — Bunsen,  in  his  "  Gasometric  Methods,"  has 
given  the  results  of  an  examination  of  the  products  formed  when 
hydrogen  and  carbonous  oxide  are  mixed  with  oxygen  in  quantity 
insufficient  to  burn  them  both  completely,  and  exploded ;  from 
which  he  draws  the  conclusion  that  the  atomic  ratio  of  the  com- 
bustion products  (HgO :  COj)  is  always  represented  by  simple 
numbers,  changing  from  one  to  the  other  per  saltum  as  the  pro- 
portion of  hydrogen  varies.  Horstmann  haj^  experimented  anew 
m  this  direction  and  has  obtained  quite  different  results.  He 
finds:  1st.  That  when  electrolytic  gas  and  carbonous  oxide  are 
mixed  and  exploded,  following  the  method  used  by  Bunsen,  the 
proportion  of  the  fonner  gas  oeing  continually  increased,  vapor 
of  water  and  carbon  dioxide  are  formed  in  a  constantly  increas- 
ing ratio.  Thus  while  the  hydrogen,  relatively  to  the  carbonous 
oxide,  varied  from  0*25  : 1  to  2*33  :  1,  from  20  to  70  per  cent  of 
the  mixture  being  burned,  the  ratio  of  the  combustion-products 
(HjO :  CO2)  varied  from  0*8 :  1  to  4'6  : 1.  Nothing  like  a  sudden 
change  of  ratio  was  anywhere  observed.  2d.  That  when  to  a 
mixture  of  carbonous  oxide  and  hydrogen,  increasing  quantities 
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of  oxygen  are  added  and  the  whole  exploded,  as  in  E.  v.  Meyer's 
method,  aqueous  vapor  and  carbon  dioxide  are  formed  in  a  con- 
stantly increasing  ratio,  no  "  preference  for  rational  values"  being 
detected.  Hence  the  author  maintains  that  the  division  of  the 
oxygen  between  these  two  combustible  gases  does  not  take  place 
according  to  the  law  laid  down  by  Bunsen.  As  to  the  cause  of 
the  discrepancy,  he  says  that  while  his  experiments  were  made 
with  dry  gases  in  dry  tubes,  he  has  observed  that  when  aqueous 
vapor  is  present  in  the  tube,  less  hydrogen  and  more  carbonous 
oxide  is  burned.  The  ratio  of  HjO :  CO,  is  always  lessened,  and 
the  more,  the  greater  the  amount  of  moisture  present.  On  the 
other  hand,  in  presence  of  carbon  dioxide,  more  hydrogen  and  less 
carbonous  oxide  is  burned.  Now  v.  Meyer's  expenments  were 
made  with  moist  gases,  and  Bunsen's  partly  with  dry  and  partly 
with  pioist  gases.  Moreover,  the  variation  in  the  ratio  of  the  com- 
bustion-products is  peculiar.  As  the  oxygen  increases,  this  ratio 
at  first  increases,  reaches  a  maximum,  when  the  amount  of  com- 
bustible gases  burned  is  about  30  to  35  per  cent,  and  then  falls 
uniformly  again  to  the  limiting  value  reached  when  the  combus- 
tion is  complete.  The  law  according  to  which  the  oxygen  divides 
itself  between  the  combustible  gases,  is  thus  expressed :  The  ratio 
of  the  aqueous  vapor  formed  to  the  carbon  dioxide  is  equal  to  the 
ratio  of  the  unbumed  hydrogen  to  the  unbumed  carbonous  oxide, 
multiplied  by  an  affinity-coefficient,  which  is  independent  of  the 
proportion  in  which:  the  combustible  gases  are  present,  but  which 
vanes  with  the  relative  quantity  of  oxygen  added.  The  relation 
between  this  coefficient  and  the  necessary  quantity  of  oxygen  be- 
ing fixed  empirically  in  the  case  of  one  proportion  of  such  a 
mixture,  it  may  be  readily  calculated  for  all  others.  This  coeffi- 
cient, in  Horstmann's  experiments,  varied  from  4*0  to  6*4,  when 
between  20  and  70  per  cent  of  the  combustible  gases  were  burned, 
the  maximum  being  reached  at  30  to  40  per  cent.  In  other 
words,  the  ratio  of  the  aqueous  vapor  to  the  carbon  dioxide  was 
4  to  6*4  times  as  great  as  the  ratio  of  the  hydrogen  to  the  car- 
bonous oxide  in  the  unburned  residue.  Since  therefore  relatively 
more  hydrogen  is  always  burned  than  carbonoup  oxide,  the  attrac- 
tion of  oxjr^en  is  greater  for  the  former  than  for  the  latter  gas. 
The  variability  of  the  affinity-coefficient  itself  is  due  to  the  fact 
that  with  the  relatjive  quantities  of  oxygen,  the  physical  condi- 
tions change  under  which  the  reaction  takes  placa  With  a  fixed 
quantity  of  oxygen  it  remains  constant,  not  only  when  the  pro- 
portion of  hydrogen  to  carbonous  oxide  varies,  but  even  when 
the  unburned  portions  of  the  combustible  gases  are  wholly  or 
partially  replaced  by  an  indifferent  gas  with  similar  properties ; 
as,  for  example,  nitrogen. — Ber,  Berl,  Chem,  Ges.,  x,  1626,  Oct., 
1877.  G.  p.  B. 

3.  On  the  Sidphidea  of  Platinum.— 'RiBAii  has  called  attention 
to  the  analytical  properties  of  platinic  and  platinous  sulphides. 
From  his  experiments  he  concludes,  1st,  that  platinic  sulphide 
prepared  in  the  cold  or  at  the  temperature  of  the  water  bath. 
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• 
when  taken  alone,  or  at  least  in  the  absence  of  the  metals  of  the 
5th  and  6th  groups  of  Frescnius,  may  be  oonsidered  as  insoluble 
in  alkali  or  ammonium  mono-  or  polysulphides,  and  hence  should 
be  classed  with  mercury  in  the  fifth  group ;  2d,  that  while  by 
▼arious  special  devices,  such  as  pouring  a  solution  of  platinic 
chloride  mto  a  sulphide,  drop  by  drop,  or  in  fusing  platinic  sul- 
phide with  an  alkali  sulphide,  a  considerable  quantity  of  platinic 
salphide  may  be  dissolved,  yet  that  this  is  not  a  condition  occur- 
ring in  ordinary  analysis ;  dd,  that  in  presence  of  metals  of  the 
sixth  group,  platinic  sulphide  dissolves  notably  in  alkali  or  ammon- 
ium polysulphides.  Arsenic,  antimony,  tin  and  gold  efEect  this  re- 
sult, the  quantity  of  platinum  sulphide  dissolved  increasing  with 
the  amount  of  the  other  sulphides  present ;  4th,  that  platinic  sul- 

Ehide  when  mixed  with  the  fifth  group  of  metals,  is  not  dissolved 
y  the  monosulphide,  but  is  sensibly  acted  on  by  the  trisulphide  of 
ammojiium,  thus  resembling  copper ;  5th,  that  platinous  sulphide 
may  be  considered  soluble  or  insoluble  according  to  its  physical 
state  and  the  nature  of  the  sulphide  used.  Platinous  salts  occur 
rarely  in  analysis,  however,  and  then  are  easilv  converted  into 
platinic  compounds. — BuU,  Soc,  Ch.^  II,  xxviii,  Oct.,  1877. 

G.  F.  a 

4.  On  the  Destructive  Distillation  of  Phenol  and  Chlorbenzene. 
— ^E[rambbs  has  examined  the  decomposition  products  obtained 
when  phenol  and  chlorbenzene  are  distilled  at  a  bright  red  heat. 
The  phenol  was  allowed  to  flow  slowly  into  a  horizontal  gas  pipe 
kept  at  a  bright  red  in  a  Hofmann's  furnace.  The  products  re- 
ceived were  fractionated  and  yielded  benzene,  toluene,  xylene, 
naphthalene,  anthracene,  and  phenanthrene.  Chlorbenzene  thus 
treated  gave  diphenyl,  parachlordiphenyl,  paradichlordiphenyl 
and  an  isomer  of  it,  and  diphenylbenzene. — lAehig^s  Atmalen^ 
clxxxix,  129,  135,  October,  1877.  Q.  f.  b. 

5.  JBoracic  Acid. — ^In  the  Annales  de  Chemie  et  de  Physique, 
for  November,  M.  L.  Dieulafafi'  publishes  a  very  interesting  dis- 
cussion as  to  the  origin  of  the  boracic  acid  found  in  the  Suflbni  of 
Tuscany,  and  in  connection  with  many  saline  deposits,  especially 
those  of  Stassfurt.  He  traces  the  boracic  acid  in  all  cases  to  what 
he  calls  the  normal  sea  water,  and  he  opens  his  paper  with  the 
following  broad  generalization :  '^  Toutes  les  substances  salines 
existant  en  amas  et  en  couches  dans  les  terrains  sudimentaires  ont 
fait  primitivement  partie  dMne  mer  normale.  D'un  autre  cote,  k 
toutes  les  epoques,  les  mers  ont  eu  une  composition  qui  ne  s'eloign- 
ait  pas  sensiblement  de  celle  des  mers  de  la  periode  actuelle." 
In  order  to  establish  this  conclusion  in  the  case  of  the  borates  he 
gives  in  the  first  place  experimental  evidence  that  the  water  of 
the  Mediterranean  contains  at  least  two  decigrams  of  boracic  acid 
in  each  cubic  meter,  and,  further,  that  on  evaporating  the  brine 
boracic  acid  accumulates  in  the  bittern  until  after  the  deposition 
of  camallite.  In  the  second  place,  he  insists  that  in  the  very 
characteristic  deposits  of  Stassfurt  the  borates  are  found  above 
the  camallite  as  we  should  expect,  if  these  deposits  were  formed 
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as  assumed,  bj  the  drying  up  of  extensive  salt  lakes.  Again, 
having  confirroed  the  previous  statements  that  the  chief  salt  beds 
of  the  world  are  found  on  two  geological  horizons,  the  Lias  and 
the  middle  Tertiary,  he  gives  evidence  that  in  the  Marerama  of 
Tuscany  where  the  Suffoni  occur,  there  is  a  saliferous  basin  of  the 
Tertiary  period,  and  he  concludes  that  the  Suffoni  are  not  properly 
volcanic  vents,  but  that  the  surface  water  percolating  to  the  salt 
beds— heated  it  is  true  by  volcanic  agency — determines  well- 
known  chemical  changes,  from  which  result  the  peculiar  acid  va- 
pors there  discharged.  But  we  can  only  give  here  the  barest  out- 
lines of  au  argument,  which  is  worthy  of  careful  study. 

We  might  question  whether  the  very  broad  generalization  of 
the  author  could  be  fully  sustained,  and  think  that  he  underrates 
the  effect  of  local  influences  in  varying  the  composition  of  differ- 
ent saline  beds ;  yet  he  seems  to  us  to  have  correctly  interpreted 
the  general  order  of  the  causes  which  have  produced  the  deposits 
of  borates,  and  in  the  experimental  results  cited  above,  to  have 
added  two  very  important  facts  towards  the  solution  of  this  inter- 
esting problem  of  chemical  geology. 

M.  Dieulafait  also  contributes  in  his  paper  some  important  facts 
in  regard  to  the  certainty  and  delicacy  or  three  principal  tests  for 
boracic  acid.  He  rejects  the  test  with  turmeric  as  unsatisfactory, 
in  the  presence  of  such  a  mass  of  salts  as  are  found  in  bittern,  and 
he  finds  the  flame  reaction  by  far  the  most  sensitive  as  well  as  the 
most  trustworthy  of  all  the  tests  with  which  he  has  ezperiraented. 
When  the  Bunsen  lamp  is  supplied  with  pure  hydrogen,  he  finds 
that  the  flame  reaction  will  indicate  the  one-millionth  of  a  gram  of 
boracic  acid.  His  method  of  applying  the  test  is  as  follows :  The 
material  to  be  tested  is  first  mixed  with  an  excess  of  oil  of  vitriol, 
and  this  paste  held  in  a  loop  of  platinum  wire  is  brought  near — 
say  within  four  millimeters — ^but  never  ne&rer  than  two  millimeters 
to  the  visible  mantle  of  the  hydrogen  flame,  so  that  the  flame  may 
not  be  colored  in  the  least  by  the  sodium  always  present.  If  the 
assay  contains  boracic  acid,  the  characteristic  green  coloration 
appears,  which  can  be  identified  with  absolute  certainty,  by  means 
of  a  spectroscope,  and  the  coloration  can  be  most  delicately  ob- 
served by  looking  through  the  mantle  of  the  flame  tangeiitially. 

J.  p.  c,  jr'. 

6.  Photo-electric  Phenomena, — ^R.  Bornstkin  continues  his  ex- 
periments on  the  influence  of  light  on  the  electrical  tension  in 
metals,  and  shows  that  the  effect  is  not  a  thermo-electric  one. 
The  photo-electric  series  of  the  metals  runs  in  this  order  : — Alu- 
minium, gold,  copper,  platinum,  silver.  While  the  thermo-electric 
series  is  as  follows: — Silver,  platinum,  copper,  gold,  aluminium. 

His  conclusions  are  as  follows : — 

(1.)  In  a  circuit  consisting  of  two  different  metals,  a  photo- 
electric current  is  generated  whenever  the  two  junctions  are  ex- 
posed to  luminous  radiations  of  different  intensities. 

(2.)  When  the  same  junction  is  exposed  in  one  case  to  an  in- 
crease of  temperature,  and  in  another  to  a  more  intense  illumina- 
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tioii,  the  thermo-electric  and  photoelectric  currents  reBpectively 
seiierated  in  these  cases  are  opposed  to  each  other  in  direction. — 
FML  Mdg.y  Nov.,  1877,  p.  330.  j.  t. 

7.  Hank  EL  concludes  from  a  series  of  experiments  upon  the 
photo-electricity  of  varieties  of  fluor-spar,  that  the  electrical  phe- 
nomena are  largely  due  to  the  influence  of  the  chemical  rays  of 
the  spectrum,  which  cause  chemical  changes  in  the  constitution  of 
the  crystal — Ann.  der  Physik  und  Chemie^  No.  9,  1877,  p.  66. 

J.    T. 

8.  Specific  Heat  of  air  at  constant  pressure  and  constant  vol- 
ume.— JI.  K  ATS  KB  has  redetermined  the  specific  heat  of  air  at  con- 
stant volume  and  constant  pressure,  by  a  modifiisatioii  of  Kundt's 
method.  The  dust  figures  m  the  glass  cylinder  were  formed  by 
the  transverse  vibrations  of  steel  rods  excited  by  a  violincello 
bow.  A  small  cork  piston  attached  to  one  end  of  the  rod  played 
in  the  glass  cylinder,  while  a  style  affixed  to  the  other  end  of  the 
rod  drew  its  vibrations  on  a  phonautograph.  These  vibrations 
were  compared  with  those  of  a  tuning  fork.  H.  Kayser  concludes 
from  his  experiments  that  the  true  value  of  the  velocity  of  sound 
in  free  air  is  332 '5  m.  The  value  of  A;,  the  specific  heat,  has  been 
variously  assigned  as  will  be  seen  from  the  following  table : — 

Masson 1*419       Cazin 1*41 

Weisabach 1  4025     RSutger 1  406 

H.  Kayser  concludes  that   the   true  value  is  A;:=r4106. — Pogg. 
Ann.^  No.  10,  1877,  p.  218.  J.  t. 

9.  Fluorescence  of  the  Retina. — M.  von  Bezold  and  Dr.  En- 
gelhardt  are  led  to  the  conclusion  that  the  living  retina  also  fluo- 
resces under  the  influence  of  the  same  rays,  which  Helmholtz 
has  stated  exercise  a  fluorescent  action  on  the  dead  retina. — Phil. 
Mag.^  Nov.,  1877,  p.  397 ;  Trans,  from  BeHchte  d.  baier.  A/cad. 
Math.  Phys.^  June,  July  7,  1877.  J.  t. 

IL  Geology  and  Mineralogy. 

1.  Reports  of  the  United  States  Geographical  Surveys  west  of 
the  One-hundredth  meridian,  in  charge  of  First  Lieutenant  Obo. 
AL  Whebi.br,  Corps  of  Engineers  U.  S.  Army,  under  the  direc- 
tion of  Brig.-Gen.  A.  A.  Humphreys,  Chief  of  Engineers,  TJ.  S. 
Army.  Vol.  IV,  Paleontology;  quarto  with  83  plates.  Washing- 
ton, 1877.  Engineer  department,  U.  S.  Army. — This  large  vol- 
ume, a  contribution  to  the  science  of  the  country  from  the 
Wheeler  expedition,  under  the  War  Department,  comprises  tvro 
important  memoirs,  as  follows : 

(l.)  lieport  upon  the  Invertebrate  Fossils  collected  in  portions  of 
Nevada,  Utah,  Colorado,  New  Mexico  and  Arizona,  by  parties  of 
the  Expeditions  of  1871,  187*2,  1873  and  1874;  by  Charles  A. 
WnrrB,  M.D. :  comprising  general  observations  upon  the  collec- 
tions and  the  periods  they  represent ;  a  general  view  of  the  classi- 
fication adopted ;  and  descriptions,  in  successive  chapters,  of  the 
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fossils  of  the  Primordial,  Canadian,  Trenton,  Snbcarboniferons, 
Carboniferous,  Jurassic,  Cretaceous  and  Tertiary  Periods;  and 
illustrated  by  twenty-one  plates. 

(2.)  lieport  upon  the  extinct  Vertebrata  obtained  in  New  Mexico 
by  parties  of  the  Expedition  of  1 874 ;  by  Prof.  E.  D.  Copb  :  com- 
prising — (1)  fossils  of  the  Mesozoic  periods,  and  geology  of  Meso- 
zoic  and  Tertiary  beds;  (2)  fossils  of  the  Eocene;  (3)  fossils  of 
the  Loup  Fork  group ;  and  illustrated  by  sixtv-two  plates. 

Prof.  White's  valuable  report  has  already  been  briefly  noticed 
in  vol.  xii  of  this  Journal  (1876), 

Prof.  Cope's  report  embraces  descriptions  of  a  large  number  of 
vertebrate  fossils,  including  species  of  flshes,  birds,  reptiles  and 
mammals.  Some  of  the  general  results  arrived  at  with  regard  to 
the  species  of  the  Eocene  of  New  Mexico  are  presented  in  voL 
xii  of  this  Journal,  (1876,  p.  297).  The  Loup  Fork  (or  Loup 
River)  group,  as  Dr.  Cope  observes,  has  now  been  identified  at 
three  widely  separated  localities :  by  Dr.  Hayden  in  the  Upper 
Missouri  region,  and  by  Dr.  C.^ope  in  Colorado,  and  in  New 
Mexico,  the  Santa  Fe  marls,  first  studied  by  Dr.  Hayden,  being 
of  this  horizon.  The  group  underlies  the  "  White  Iliver  group*' 
in  the  Missouri  region,  and  has  been  regarded  as  Pliocene.  Dr. 
Cope  has  described  thirty-four  species  of  Vertebrates  from  these 
beas,  and  points  out  the  fact  that  while  differing  mostly  in 
genera,  and  throughout  in  species,  as  far  as  now  known,  from 
those  of  the  White  River  beds,  thev  appear  to  be  somewhat  older 
in  their  geological  relations  than  Pliocene,  and  hence,  he  has  sug- 
gested (first  in  1875)  that  they  may  be  Upper  Miocene.  The 
fenera  favoring  this  supposition  are  stated  to  be  Amphicyonj 
hcrocerns^  Mippotherium^  Aceratherium  (Aphelops)^  a  Mastodon 
of  the  type  of  M.  angustidens^  PaeudcsluruSy  Steneojiber,  The 
species  of  the  White  River  and  Loup  Fork  groups  differ  widely 
in  genera  from  those  of  the  Eocene.  The  62  lithographic  plates 
of  fossils  illustrating  Prof.  Cope's  Memoir  are  crowded  with  good 
figures.  Nineteen  of  them  are  occupied  with  figures  of  parts  of 
skeletons  of  different  species  of  Coryphodon  (Bathmodon  of  Cope 
1872-1876)  named  by  Dr.  Cope,  (J,  cuspidatus^  C.  lobatus^  C. 
obliquus^  (J,  radians^  C,  latidens,  C.  elephantoptts^  C.  molegtnSj 
C.  simus.  Prof.  Cope  discusses  several  controverted  points, 
which  we  leave  without  notice. 

2.  Summary  of  field  work  of  the  United  States  Geological 
and  Geographical  Survey  of  the  Territories^  under  the  charge  of 
Dr.  F.  V.  Hayden,  for  the  season  of  1877. — The  work  of  the 
United  States  Geological  and  Geographical  Survey  of  the  Terri- 
tories in  charge  of  Dr.  F.  V.  Hayden  has  been  prosecuted  with 
large  success  during  the  past  year.  The  surveys  in  Colorado 
having  been  completed  during  the  pi-evious  year,  the  parties 
prosecuted  their  work  in  a  belt  of  country  lying  mainly  in  the 
western  half  of  Wyoming,  but  also  embracing  adjacent  portions 
of  Utah  and  Idaho;  all  Iving  immediately  north  of  the  region 
embraced  in  the  Survey  of  the  40th  Parallel  by  Clarence  King. 
The  parties  all  took  the  field  on  the  firat  of  June. 
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The  primary-tri&nffulation  party,  upon  the  work  of  which  that 
of  all  tne  topographical  parties  is  based,  was,  as  usual,  in  charge 
of  Mr.  A.  D.  Wilson,  Chief  Topographer.  He  took  the  field  at 
Rawlins  Springs,  Wyoming.  ISrear  this  point  a  base-line  was 
carefully  measured,  from  which  a  net- work  of  triangles  was 
extended  over  the  country  from  Fort  Steel  in  Wyoming,  west- 
ward to  Ogden  in  Utah,  a  distance  of  about  260  miles,  and  north 
as  far  as  the  Grand  Teton  near  the  Yellowstone  National  Park. 
The  area  embraces  about  28,000  square  miles,  and  within  it  twenty- 
six  primary  stations  were  occupied  and  carefully  computed,  and, 
besideft,  many  mountain  peaks  were  located.*  From  the  base-line 
at  Rawlins,  this  work  was  carried  north  and  west  to  the  valley  of 
Bear  River  in  Idaho,  where  a  check  base  was  measured  and  the 
system  expanded  to  the  neighboring  mountain  peaks.  Many 
remarkably  long  sights  were  taken  from  the  loftier  summits, 
several  over  100  miles  in  length,  and  some  of  them  135  miles. 
From  the  Wind  River  Peak  all  the  prominent  points  in  the  Big 
Horn  Mountains  to  the  northwest,  were  sighted,  and  the  higher  of 
the  Uinta  Mountains  to  the  southwest,  each  about  165  miles  dis- 
tant. From  these,  connections  were  made  at  six  points  with  the 
triangnlation  of  the  Survey  of  the  40th|parallel. 

In  addition  there  were  three  other  fully  equipped  divisions  for 
topographical  and  geological  work,  and  another  under  the  direc- 
tion of  Dr.  C.  A.  White,  for  special  geological  and  paleontological 
work. 

The  area  assigned  to  the  Tireen  River  division,  directed  by  Mr. 
Henry  Gannett,  with  Dr.  A.  C.  Peale,  as  geologist,  was  rectangle 
No.  56;  the  boundaries  of  which  are  meridians  109®  30'  and  112% 
and  parallels  41®  45' and  43®.  This  area  contains  about  11,000 
square  miles,  and  embraces  portions  of  Wyoming,  Utah  and  Idaho. 
The  party  first  surveyed  that  portion  of  the  district  which  is 
drained  by  John  Day*8  and  Salt  Rivers,  two  tributaries  of  the 
Snake.  Tnence,  working  southward  and  westward,  they  surveyed 
that  portion  of  the  distnct  which  is  drained  by  Bear  River. 

With  the  exception  of  a  small  area  of  granite  along  the  south- 
western side  of  Wind  River  Mountains,  and  some  basaltic  outflows 
in  the  northwestern  portion  of  the  district,  which  are  not  older 
than  late  Tertiary  age.  Dr.  Peale  finds  all  the  rocks  to  be  of 
sedimentary  origin.  A  comparatively  small  space  is  occupied  by 
strata  of  Silurian  age;  the  others  range  from  Carboniferous  to 
late  Tertiary.  A  very  large  part  of  the  district  is  occupied  by 
beds  of  the  Green  River  and  Hridger  groups,  probably  of  Eocene 
age.  Coal  was  found  to  exist  in  large  quantity  on  Upper  Bear 
River  and  its  tributaries,  and  also  on  some  of  the  branches  of 
Green  River,  being  especially  abundant  between  Twin  Creek  and 
Ham's  Fork.  In  the  Malade  valley.  Dr.  Peale  observed  deposits 
that  are  of  later  age  than  the  Bridger  group,  but  still,  probably  of 
Tertiary  age. 

The  Sweetwater  division  in  charge  of  Mr.  G.  B.  Chittenden, 

*  A  map  showing  the  primaiy  triangulations  of  this  survej  has  quite  recently 
been  published. 
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with  Dr.  F.  M.  Endlich  as  geologist,  covers  rectangle  No.  57,  which 
is  bounded  by  meridians  107^  and  109''  30',  and  parallels  4^  45' 
and  43°,  embracing  about  10,800  square  miles.  The  party  took 
the  field  at  Salt  Wells  station,  on  the  Union  Pacific  Railroad,  and 
worked  northward  and  eastward.  Owing  to  the  advancing  season^ 
and  the  probable  risk,  on  account  of  hostile  Indians,  about  800 
square  miles  in  the  northeastern  portion  of  the  district  were  left 
unworked,  and  the  party  left  the  field  on  the  25th  of  Septem- 
ber, near  Fort  Steele.  Mr.  Chittenden  estimates  that  about  five- 
eighths  of  the  area  surveyed  are  desert  land;  two-eighths  mount- 
ainous, and  one-eighth,  of  available  value  for  habitation.  A  very 
large  portion  of  the  area  is  without  the  strong  topographical 
features  common  to  the  surrounding  region.  Dr.  EndUcn  reports 
that  a  very  large  part  of  the  area  of  the  district  is  occupied  by 
strata  of  Tertiary  age;  that  they  found  no  older  rocks  than 
these  after  leaving  the  southern  boundary,  as  they  pushed  tlidr 
work  northward,  until  they  reached  Fort  Stambaugh.  Here  the 
oldest  metamorphic  rocks  are  exposed,  with  the  Tertiary  strata 
resting  upon  them.  Going  eastward  from  Fort  Stambaugh  npon 
the  Wind  River  drainage,  he  found  the  full  series  of  the  sediment- 
ary formations  represented  beginning  with  the  Silurian.  Here,  as 
well  as  in  the  mountains  farther  west,  he  reports  abundant  evi- 
dence of  the  former  existence  of  glaciers.  Marching  southward 
the  older  sedimentary  formations  were  found  in  the  Seminole  hilla 
Northward  from  Rawlins  he  reports  the  existence  of  mud-pufi 
springs,  covering  an  area  of  about  two  square  miles,  similar  to  the 
famous  mud-geysers,  but  on  a  small  scale. 

The  party  assigned  to  the  Teton  division  was  in  charge  of  Mr. 
G.  R.  Bechler,  with  Professor  O.  H.  St.  John  as  geologist.  This 
divisicm  lies  between  meridians  109°  and  112°,  and  parallels  43° 
and  44°  15',  and  is  drained  by  the  upper  branches  of  the  Shoshone 
or  Snake  River.  The  district  almost  throughout  is  a  mountainous 
one,  the  mountains  presenting  several  comparatively  short  but 
distinct  ranges,  among  which  are  the  Mount  Putnam,  Blackfoot 
and  Caribou  Ranges ;  many  peaks  of  which  are  largely  covered 
with  snow  during  the  whole  summer.  The  party  left  the  field 
prematurely  on  account  of  the  probable  danger  from  hostile 
Indians,  but  not  until  after  surveying  6,000  square  miles. 

Professor  St.  John  reports  the  district  to  be  one  of  unusual 
interest,  and  worthy  of  much  and  careful  study.  With  the  ex- 
ception of  the  rocks  of  igneous  origin,  which  he  finds  to  have 
been  of  late  Tertiary  outflow,  and  quite  extensive,  the  region  is 
occupied  by  sedimentary  or  stratified  rocks ;  which  he  refers  to 
Lower  Silurian,  Carboniferous,  Jura-Triassic,  Cretaceous  and  Ter- 
tiary ages.  Thev  have  all  suffered  great  displacements  in  nearly 
all  parts  of  the  district.  Besides  these,  he  mentions  other  deposits 
in  tne  valley  of  Snake  River,  later  than  the  Tertiary  strata  just 
referred  to,  but  still  probably  of  Tertiary  origin.  It  seems 
probable  that  these,  as  well  as  similar  deposits  observed  by  Dr. 
Peale,  may  prove  to  be  of  the  same  age  as  the  Lake  Beds  of  Dr. 
Hayden  in  Middle  Park,  the  Uinta  Group  of  Mr.  King,  <fec. 
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The  necessity  of  a  caivful  examination  of  the  vanous  geological 
formations  in  the  6eld,  and  of  a  review  by  a  practical  paleontologist 
of  the  various  districts  that  have  irom  year  to  year  been  surveyed 
by  the  different  geologists  oi  this  and  other  surveys,  has  been  long 
felt.  Such  a  work  indeed,  was  imperatively  necessary  before  a 
oonsistent  and  comprehensive  classincation  of  the  formations  could 
be  established.  This  duty  was  assigned  to  Dr.  C.  A.  White,  the 
paleontologist  of  this  suiTcy,  and  he  took  the  field  at  the  begin- 
ning of  the  past  season,  continuing  his  labors  until  its  close.  He 
has  pursued  his  researches  with  such  success  as  to  demonstrate 
the  necessity  of  continuing  this  class  of  investigations  by  various 
lines  of  travel  across  what  is  generally  known  as  the  great  Rocky 
Mountain  region,  especially  those  portions  of  it  that  have  been 
surveyed,  as  well  as  those  in  which  the  surveys  are  now  in  pro- 
gress. Spending  some  time  in  the  plains  of  Colorado  immediately 
east  of  the  Rockv  Mountains,  he  crossed  the  mountains  by  way  of 
Bonlder  Pass  and  Middle  Park  to  the  region  of  Yampa  and  White 
Rivers;  thence,  crossing  Green  River,  he  pushed  nis  investiga- 
tions westward  along  the  southern  base  of  tne  Uinta  chain,  as  far 
as  Great  Salt  Lake.  Thence  recrossing  the  Wasatch  Mountains, 
lie  carried  his  work  eastward  across  the  Green  River  basin. 

Among  other  important  results,  he  has  demonstrated  the  iden- 
tity of  the  Lignitic  series  of  strata  east  of  che  Rocky  Mountains  in 
Colorado  with  the  Fort  Union  group  of  the  Upper  Missouri 
Rirer,  and  also  its  identity  with  the  great  Laramie  group  of  the 
Green  River  Basin  and  other  portions  of  the  region  west  of  the 
Rocky  Mountains;  to  which  the  labors  of  Dr.  Hayden  and  Mr. 
Meek  have  long  since  plainly  pointed. 

He  also  finds  the  planes  of  deraarkation  between  any  of  the 
Mesozoic  and  Cenozoic  groups,  from  the  Dakota,  to  the  Bridger 
inclusive,  to  be  either  very  obscure  or  indefinable,  in  the  region 
traversed  by  him ;  indicating  that  whatever  catastrophal  or  secu- 
lar changes  took  place  elsewhere  during  all  that  time,  or  extend- 
ing within  the  limits  of  that  region,  sedimentation  was  probably 
continuous  within  what  is  now  that  part  of  the  continent,  from 
the  earliest  to  the  latest  of  the  epochs  just  named.  During  the 
progress  of  the  field  work,  large  and  very  important  collections 
of  fossils  were  made,  which  are  now  being  investigated. 

Messrs.  S.  H.  Scudder  of  Cambridge  and  F.  6.  Bowditch  of 
Boston  spent  two  months  in  Colorado,  Wyoming  and  Utah,  in 
making  collections  and  observations  in  fossil  and  recent  entomol- 
Ofijy,  with  very  gratifying  results.  Mr.  Scudder  is  making  arrange- 
ments to  add  materially  to  his  labora  in  this  department,  m  connec- 
tion with  the  survey. 

Professor  Joseph  Leidy  spent  some  time  during  the  season  in 
Green  River  Basin,  making  observations  and  collections  for  his 
large  work  on  Rhizopoda,  which  is  to  form  one  of  the  quarto 
volumes  of  the  survey. 

The  botany  of  the  survey  was  represented  during  the  past  sea- 
son by  the  two  great  masters.  Sir  Joseph  D.  Hooker,  Director  of 
the  celebrated  gardens  at  Kew,  England,  and  Professor  Asa  Gray 
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of  Harvard  University.  Their  examinations  extended  over  con- 
siderable portions  of  Colorado,  Wyoming,  Utah,  Nevada,  and 
California ;  but  their  own  personal  observations  in  the  field  will 
by  no  means  be  a  measure  of  the  extended  range  of  the  subject 
that  will  be  covered  by  their  report.  They  have  for  years  been 
watching  and  noting  the  progress  of  the  work  of  American  bota- 
nists, and  are  ready  to  bring  out  some  most  important  generaliza- 
tions in  their  report.  Dr.  Hooker  has,  during  many  years  past, 
prosecuted  extensive  botanical  researches,  not  only  in  Europe,  but 
m  the  Indies,  from  the  Bay  of  Bengal  across  the  Himalayas  to  Thi- 
bet; in  the  Antarctic  regions,  the  southern  parts  of  South  Ame^ 
ica,  and  Africa ;  in  New  Zealand,  Australia,  Morocco,  and  Asia 
Minor.  The  joint  report  of  these  two  savants  will  form  a  part  of 
the  eleventh  annual  report  of  the  survey ;  and  as  it  will  embrace 
facts  and  views  of  world-wide  comprehensiveness,  it  cannot  fiail  to 
be  of  great  scientific  interest 

Previous  to  the  year  1874  there  were  many  indefinite  rumors  <rf 
the  existence  of  strange  and  interesting  remains  of  the  habitations 
and  implements,  especially  pottery,  of  a  long-departed  and  forgot- 
ten people,  who  once  occupied  the  region  about  the  head-waters 
of  the  San  Juan.  The  various  government  exploring  parties  that 
have  traversed  New  Mexico  and  Arizona  brought  reports  of  other 
ruins  in  those  regions,  but  no  reliable  accounts  of  those  just  refer- 
red to  had  ever  been  received. 

In  1874,  Mr.  W.  H.  Jackson,  in  charge  of  the  Photographic  de- 
partment, was  directed  to  visit  and  report  upon  those  ruins,  in 
connection  with  his  usual  work;  which  he  did,  and  the  results 
were  published  in  the  Bulletin  of  the  Survey.  In  the  following 
year,  Mr.  W.  H.  Holmes,  one  of  the  geologists  of  the  Survey,  vis- 
ited the  same  region  and  made  a  careful  investigation  of  the  ruins, 
and  by  his  artistic  skill,  in  connection  with  Mr.  Jackson,  brought 
back  complete  illustrations,  as  well  as  a  full  report.  Upon  his 
return  Mr.  Holmes  conceived  and  successfully  carried  out  the 
plan  of  representing  these  ruins  by  models  in  plaster.  Mr.  Jack- 
son has  taken  up,  and  added  to  his  department,  the  work  of  repro- 
ducing these  models  as  well  as  those  of  ancient  pottery  found 
with  them.  In  furtherance  of  this  work  he  visited  Northern 
New  Mexico  and  Arizona,  during  the  early  part  of  the  past  sea- 
son. He  procured,  among  other  important  material,  the  neces- 
sary data  for  plastic  representation  of  the  pueblos  or  communal 
town-dwellings,  of  Taos  and  Acorna,  models  of  which  he  has 
already  constructed.  Contact  with  Europeans  has  somewhat 
modified  their  ancient  style  of  building,  but  one  can  readily  see 
that  they  are  constructed  after  their  ancient  prototypes,  the  dwell- 
ings of  the  forgotten  people ;  forgotten,  because  the  builders  of 
the  modei-n  structures  are  as  ignorant  of  the  ancient  builders  as 
we  are  ourselves. 

These  are  merely  the  salient  features  of  the  work  which  has  been 
accomplished  by  the  survey ;  the  details  will  appear  in  its  usual 
publications.  h. 
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8.  Otology  of  Wisconsin,  Survey  of  1878-1877.  Vol.  II,  768 
pp.  royal  octavo,  illastrated  by  several  wood-cuts,  lithographs  and 
maps  in  the  text,  and  accompanied  by  an  atlas  of  maps. — The 
legislatare  of  Wisconsin  passed  its  6rst  act  for  a  geological  sur- 
rey in  1853,  appointing  Mr.  K  Daniels,  State-geologist ;  and  its 
leoond  in  1854,  putting  J.  G.  Percival  in  this  position.  Two  care- 
folly  prepared  Keports,  of  about  100  pages  each,  by  Dr.  Percival 
were  published  in  1856.  In  1857,  the  survey  was  reorganized  under 
Profl  James  Hall,  with  whom  was  associated  in  1859,  Prof  J.  D. 
Whitney  with  special  reference  to  a  study  of  the  lead  region. 
Dr.  Carr  and  Mr.  Daniels  were  engaged  with  Prol  Hall  during 
die  year  1858.  A  Report  of  this  survey  by  Professors  Hall  and 
Whitney,  making  an  octavo  volume  of  456  pages,  was  published 
io  1862.  The  volume  is  one  of  great  value  and  especially  on 
accoant  of  the  descriptions  of  the  mines,  ores  and  minerals,  by 
ProC  Wliitney,  which  occupy  352  of  its  pages.  A  second  voi- 
une  was  prepared  by  Prof.  Hall,  but  it  was  not  published.  In 
1878  a  new  survey  was  ordered  by  the  State  and  placed  under 
the  charge  of  Dr.  I.  A.  Lapham.  Dr.  Lapham  held  this  position 
for  two  years,  and  annual  reports  were  prepared  and  presented 
to  the  legislature,  the  publication  of  which  the  legislature  failed  ' 
ta  order.  Dr.  Lapham  was  displaced,  unreasonably,  in  1875, 
and  the  place  given  to  Dr.  O.  W.  White.  But  in  February, 
1876,  it  again  passed  into  the  hands  of  able  geologists  through 
the  anbetitution  of  Prof  T.  C.  Chamberlain,  of  Beloit  College, 
•Dd  under  this  arrani^ement,  the  new  volume,  above  announced, 
has  been  prepared  and  issued. 

This  volume  (called  vol.  II,  that  of  Professors  Hall  and  Whit- 
ney being  vol  I)  contains  Dr.  Lapham's  annual  reports  for  1873, 
1874,  and  Dr.  White's  for  1875  as  introductory  to  the  reports  of 
the  recent  survey.     These  final  Reports  are : 

I  On  the  Geology  of  Eastern  Wisconsin,  by  Prof.  Chamberlain, 
810  pages, 

IL  On  the  Geology  of  Western  Wisconsin,  by  Prof.  Roland  D. 
Irving,  235  pages. 

HI.  On  the  Geology  and  Topography  of  the  lead  region,  by 
Pro!  Moses  Strong,  1 10  pages. 

These  Reports  show  that  the  work  has  been  carried  forward 
with  ability  and  care,  and  with  a  full  appreciation  of  what  both 
sdence  and  the  economical  interests  of  the  State  demand.  The 
topography,  hydrology,  forest  and  marsh  vegetation  and  soils, 
are  the  subjects  of  valuable  chapters ;  and  then  the  distribution 
and  characteristics  of  the  several  rock-formations  are  given  with 
fall  details.  Under  the  subject  of  erosion  many  remarkable  facts 
are  stated;  and  the  frontispiece  represents  a  lofty  tower  or 
^  Stand''  Rock,  of  Potsdam  Sandstone,  which  is  almost  as  remark- 
able as  anything  of  the  kind  in  Rocky  Mountain  scenery.  The 
chapters  on  the  Drifl  and^  other  Quaternary  deposits  are  of  un- 
usual interest.  The  third  report,  on  the  lead  region,  is,  as  its 
author  states,  much  briefer  than  the  subject  demands.     It  serves 
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to  supplement  and  extend  the  account  by  Prof.  Whitney,  adding 
the  results  afforded  by  the  more  recent  mining  operations  and  a 
further  study  of  the  regions. 

The  Atlas  consists  of  a  series  of  colored  plates,  illustrating  iu 
sections  the  geology  of  the  State;  and  others  for  eastern  Wis- 
consin, representing  by  color  the  distribution  of  the  native  vege- 
tation, the  drift,  and  the  various  kinds  of  subsoils.  The  cbromo- 
lithographio  work,  which  is  beautifully  done,  is  credited  to  the 
Milwaukee  Lithographic  and  Engraving  Company.  The  size  of 
the  most  of  the  maps  is  inconveniently  large — too  large,  we 
think,  for  the  small  amount  of  detail  in  the  geology. 

We  cite  from  the  volume  the  following  facts  and  conclusioDg 
relating  to  the  Wisconsin  drift. 

In  the  first  place  the  facts  with  regard  to  the  drijtless  region ^ 
which  covers  South westeni  Wisconsin  and  the  borders  of  Minne- 
sota and  Iowa  adjoining,  described  and  mapped  by  Prof.  J.  D. 
Whitney,  are  brought  out  with  additional  observations ;  and  the 
view  of  Dr.  Percival,  its  first  describer,  and  Prof.  Whitney  is  sus- 
tained— that  it  has  no  bowlders  or  drift  over  its  surface,  and  no 
water- worn  material  except  in  the  beds  of  some  of  the  streams. 
*  Its  area  is  about  12,000  square  miles. 

The  eastern  border  of  the  driftless  area,  as  laid  down  by  Prof 
Irving,  lies  near  a  line  running  north  from  Freeport  in  Illinois  to 
Grand  Rapids.  Thence,  the  boundary  bends  westward  and  north- 
westward near  the  line  of  the  Green  Bay  and  Minnesota  railroad, 
and  passes  twelve  miles  north  of  Eau  Claire.  According  to  N. 
H.  W  inchell,  it  crosses  the  Mississippi  just  south  of  St.  Paul,  and 
then,  to  the  south,  enters  Iowa  over  the  southwest  corner  of  the 
southeast  town  of  Minnesota— -that  of  Houston.  The  former 
absence  of  the  ice  is  proved  by  the  absence  of  gravel  and  stones, 
which  suddenly  cease  on  entering  the  region,  and,  as  Prof.  Irving 
states,  by  the  character  of  the  hills  and  ravines  and  the  existence 
over  it  of  numerous  fragile  sandstone  peaks.  The  origin  of  this 
driftless  feature  of  the  region  receives  important  elucidation  from 
the  facts  observed  by  Professors  Chamberlain  and  Irving,  and  the 
latter  brings  out,  in  his  report,  a  new  theory  in  explanation  of  it 

According  to  the  observations  of  Prof.  Irving,  in  connection 
with  those  of  Prof.  Chamberlain,  the  part  of  the  great  northern 
glacier  that  moved  over  Lake  Superior  was  prolonged  southwest- 
ward  along  several  great  depressions :  (1)  along  the  great  Lake 
Michigan  depression  south-south  westward ;  (2)  along  the  Green 
Bay  Valley,  which  has  a  nearly  parallel  course  (S.  86°  W.)  and 
extends  nearly  to  Illinois ;  also,  on  the  north,  and  more  to  the 
west  (3)  along  a  Keweenaw  Bay  depression,  west  of  southwest 
in  direction ;  (4)  along  a  Bayfield  Bay  depression,  as  a  part  of^ 
or  a  branch  of,  (5)  the  greater  mass  moving  in  the  same  direction 
from  the  western  extremity  of  the  Lake  Superior  depression.  The 
Michigan  Bay  ice-mass  stretched  on  s#uth  and  west  over  Illinois. 
That  of  the  Green  Bay  Valley  was  partly  independent  and  hardly 
reached  to  Illinois.  While  those  of  the  Keweenaw  Bay  depres- 
sion and  Western  Lake  Superior  continued  westward  and  south- 
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ward  over  Minnesota,  and  thence,  as  N.  H.  Winchell  has  shown, 
south  to  Iowa,  where  it  was  connected  with  the  ice  over  northern 
Illinois. 

The  independence  of  the  glacier-mass  of  the  Michigan  Bay  de- 
pression and  that  of  the  long  Green  Bay  valley  is  well  proved  by 
YtoL  Chamberlain.     Between  the  lake  and  the  valley  there  is  a 
low  ridge  called  the  Kettle  Range—  so  named  from  the  multitades 
of  ponds  and  pools  over  its  surface.     It  is  one  to  ten  miles  wide, 
ancl  in  some  parts  800  feet  high  above  its  base.     It  continues 
southward  nearly  to  Illinois,  here  bends  around  westward,  and  then 
turns  northward  along  the  west  side  of  the  valley  and  near  the 
boundary  of  the  drifiless  area.    This  Kettle  Range  is,  according  to 
both  geologists,  a  true  moraine  ridge,  and  marks  the  east,  south  and 
west  outlines  of  the  Green  Bay  valley  glacier:    It  consists  of  gravel, 
bowlders,  sand  and  clay,  unstratified,  but  with  portions  here  and 
there  rudely  stratified.     Furthermore,  as  ascertained   by  Prof 
Chamberlain  (the  geologist  in  charge  of  Eastern  Wisconsin)  the 
glacial  scratches  made  by  the   Michigan    and   Green    Bay  ice- 
courses  converge  southward  toward  the  axis  of  the  intervening 
Kettle  Ranse,  having   a  southwest   direction  on  the  Michigan 
Bay  side  and  a  southeast  on  that  of  the  Green  River  Valley,  thus 
poinding  to  the  range  as  a  moraine  ridge  between  the  two  ice- 
maaaes  or  along  their  blending  borders.     Again,  on  the  west  side 
of  the  Green  Bay  Valley  the  glacial   scratches   run   southwest- 
ward  (while  southeastward  on  the  east  side)  and  terminate  in  the 
Kettle  Range  of  that  side,  thus  marking  out  this  western  branch 
of  the  Kettle  Range  to  be  the  course  of  the  western  border  and 
western  moraine  of  the  Green  Bay  glacier.    These  facts  are  well 
displayed  by  Prof.  Chamberlain  on  plate  vii.     The  pond-depres- 
sions^ or  bowls  and  basins,  of  the  Kettle  Kange  are  accounted  for 
by  this  geologist  on  the  supposition  of  alternate  retreats  and 
advances  in  the  glacier,  producing  irregularities  in  the  deposition 
of  ridges  of  moraine  material.     He  says  also  that  there  are  nume- 
rous subterranean  streams  running  from  its  base  which  undoubt- 
edly have  an  undermining  action  and  may  have  produced  part  of 
the  depressions.    Over  the  regions  of  Wisconsin  between  the  Green 
Bay  glacier  and  the  more  northern  Keweenaw  Bay  glacier  course 
the  ice  thinned  out  toward  the  great  driftless  area. 

Professor  Irving  accounts  for  the  absence  of  ice  from  the  drift- 
less  area  on  the  view  that  the  great  glacier  of  the  north  was 
divided  by  the  deep  and  large  channels  of  Michigan  Bay  and 
Lake  Superior ;  that  the  great  depth  of  the  ice  of  Lake  Superior 
forced  it  to  follow  the  courses  of  the  bay-depressions  leading 
oat  of  it,  one  part  going  south-southwestward  along  Michigan 
Lake  and  the  Green  Bay  valley,  and  the  rest  west  of  southwest 
along  the  Lake  Superior  bays;  and  that  thus  the  intermediate  re- 
gion was  left  iceless  and  dnftless.  He  states  that  the  surface  is 
not  higher  than  that  of  Wisconsin  to  the  east,  and  is  lower  than  that 
of  Minnesota  to  the  west ;  and  hence  that  no  argument  can  be 
drawn  in  favor  of  its  escape  from  the  ice  by  its  altitude  or  by  an 
deration  of  the  land.    The  explanation,  though  different,  is  closely 


64  Scientific  TnteUigence. 

related  to  that  given  by  Professor  N.  H,  Winchell,  in  his  Minne^ 
sola  Geological  Report  for  1876,  (published  in  1877)*  and  that  the 
hills  of  the  granitic  region  stretching  south  westward  from 
Keweenaw  Point,  and  from  the  south  shore  of  Lake  Superior 
farther  west,  prevented  the  extension  of  the  great  glacier  from 
Lake  Superior  in  that  direction. 

Both  Professor  Chamberlain  and  Professor  L'ving  state  that 
there  is  abundant  evidence  that  during  the  Glacial  era  the  continent 
in  that  part  was  higher  above  the  sea-level  than  now ;  and  that 
this  elevation  was  followed  by  a  depression  below  the  present  level 
— that  of  the  Champlain  period.  The  former  states  that  *^  some 
of  the  streams  have  cut  channels  from  one  to  three  hundred  feet 
deeper  than  those  they  now  occupy,"  thus  pointing  to  the  fact  of 
greater  elevation  during  the  Glacial  era. 

The  chapters  on  the  drift  contain  numerous  feu^ts  with  regard 
to  the  sources  of  the  drift,  proving  transportation  for  100  to  300 
miles  or  more.  The  masses  of  native  copper,  which  are  very 
common,  must  have  come,  it  is  stated,  from  Keweenaw  Point,  or 
full  300  miles.f  All  the  facts  brought  out  on  the  glacial  phenomena 
are  of  great  significance  and  merit  reproduction  in  this  place ; 
but  we  have  to  refer  to  the  volume  for  the  larger  part  of  them. 
The  observations  on  the  Champlain  deposits  and  terraces  are  also 
highly  interesting. 

Only  two  other  facts  we  cite  here.  The  Milwaukee  brick  have 
a  cream-white  color  and  this  has  been  attributed  to  the  absence 
of  iron.  But  Professor  (Chamberlain  states  that  the  clay  is  red^ 
and  contains,  according  to  analyses  of  the  brick,  nearly  five  per 
cent  of  oxide  of  iron ;  and  that  the  absence  of  color  must  be  due 
to  the  formation  of  a  silicate  of  lime  and  iron,  lime  being  also 
present  in  the  clay.  [The  silicate  is  probably  a  variety  of  epidote, 
the  formation  of  which  in  the  Triassic  red  sandstone  of  the  Con- 
necticut valley  where  it  adjoins  trap  dikes  has  often  been  observed 
by  the  writer  to  be  connected  with  a  discharge  of  the  red  color 
of  the  sandstone.] 

The  Niagara  hmestone  of  southern  Wisconsin  includes  two 
distinct  Varieties  of  limestone  which  were  of  simultaneous  origin; 
and,  according  to  Professor  Chamberlain,  the  compact  kind 
corresponds  to  the  solid  coral  limestone  of  modern  coral  reef  seas, 
and  the  granular  to  the  beach  sand-rock,  which  is  simultaneously 
made  along  the  shores  of  the  coral  reef  regions  out  of  coral  sands. 

J.  D.  D. 

*  Noticed  briefly  in  the  number  of  this  Journal  for  November  last,  voL  xiy,  p.  422. 

f  Mr.  A.  H.  Worthen  states,  in  the  first  volume  of  his  Report  on  the  Geology  ol 
Illinois,  that  in  \he  Mississippi  bluffs  at  the  mouth  of  Fevre  River,  a  f&w  miles 
below  Galena  (within  the  driftless  area  but  not  far  north  of  its  southern  limits)  he 
has  observed  small  boulders  of  trap  and  porphyry,  and  Mr.  A.  H.  Beebe  informed 
him  of  the  discovery  of  native  copper  at  the  same  place.  Prof.  C.  A.  White,  in 
his  Report  on  the  (>eology  of  Iowa,  states  that  a  mass  of  native  copper  was  found 
in  Lucas  county,  near  the  middle  of  southern  Iowa,  which  weighed  more  than 
thirty  pounds.  Galena  is  about  350  miles  in  a  straight  line  south  southwest  from 
the  Keweenaw  copper  region,  and  Lucas  county  is  170  miles  southwest-by-west 
from  Galena,  or  about  466  miles  southwest-by-south  from  the  Keweenaw  regitm. 
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4.  Probable  ancietU  outlet  of  the  Oreat  tSalt  Lake, — It  is  be- 
lieved that  the  explorations  of  the  survey  under  the  direction  of 
Dr.  Hayden,  the  past  season,  have  determined  the  probable  an- 
cient outlet  of  the  great  lake  that  once  filled  the  Salt  Lake  Basin. 
At  the  head  of  Marsh  Creek^  which  occupies  the  valley,  continu- 
ing directly  south  from  that  of  the  lowest  Portneuf,  is  the  lowest 
MSB  between  the  Great  Basin  and  the  drainage  of  the  Columbia. 
lu  fact  BO  low  and  flat  is  it,  that  a  marsh  directly  connects  the 
two  streams,  one  flowing  to  the  Bear  River  and  the  other  to  the 
Poitnenf  and  Snake  Rivers. 

This  fact  was  observed  bv  the  Survey  in  1871  and  1872,  but 
this  district  has  been  carefully  examined  the  past  season  by  Mr. 
Gannett  and  Dr.  Peale. 

5.  Siberian  Steppes. — Professor  John  Milne,  in  a  paper  entir 
tied  **  Across  Europe  and  Asia,  Part  Y,  from  Ekaterinburg  to 
Tomsk''  (GreoL  Mag.,  Oct.,  1877),  suggests  that  the  material  of  the 
great  plains  of  Siberia  was  deposited  by  the  rivers  while  they 
were  under  floods  caused  by  their  being  dammed  about  their 
months  in  consequence  of  the  ice  of  the  stream  not  having  there 
melted.  He  shows  that  aHhough  the  time  of  freezing  of  the  wa- 
ters in  autumn  differs  but  a  week  or  so  in  the  more  northern  and 
southern  parts  of  the  rivers,  the  time  of  melting  in  the  spring  often 
differs  a  month.  Consequently  the  ice  toward  the  mouth  of  the 
stream  might  serve  as  a  dam  during  the  breaking  up  of  the  cold 
season,  and  cause  a  spreading  of  the  waters  over  the  country; 
and  ^in  past  times,  when  the  cold  was  probably  more  intense, 
these  barriers  of  ice  may  have  been  more  continuous  and  com- 
plete, and  thus  have  kept  the  plains — which  were  then  smaller 
than  they  are  at  present,  because  their  northern  ends  were  be- 
neath the  sea — more  or  less  constantly  covered  with  a  lake  Of  tur- 
bid water."  Floods  from  this  source  occur  now  in  Siberia.  This 
barrier  of  ice  differs  from  that  suggested  by  Mr,  Belt,  in  being  of 
fluvial  instead  of  Arctic-ocean  origin.  Professor  Milne  remarks 
that  the  Siberian  plains  are  directly  connected  with  the  several 
river  channels.  Wherever  there  is  a  river,  and  especially  a  large 
one,  a  broad  plain  accompanies  it ;  and  as  it  expands  in  flowing 
northward,  so  with  the  plain.  The  widening  of  these  plains  con- 
tinues until  they  unite  to  form  that  open  flat  expanse  which 
fringes  the  Arctic  Ocean.  In  some  parts,  the  plains  1,000  miles 
inland  are  not  over  250  feet  above  the  sea-level. 

6.  Mikroskopische  Physiographie  der  maasigen  Gesteine^  von 
H.  RosENBUscH.  696  pp.  8vo.  Stuttgart,  1877.  (E.  Schweiger- 
bart^sche  Verlagshandlung.) — ^The  present  work  forms  properly  a 
second  companion  volume  to  the  Mikroskopische  Physiographie 
der  petrogravhiech  teichtigen  Mineralien^  published  by  Dr.  Rosen- 
bnsch  in  1 873.  ITie  many  lithologists  who  have  used  with  pleas- 
ure and  profit  his  earlier  work,  will  welcome  the  one  which  has 
just  been  given  to  the  public.  Like  its  predecessor,  it  is  not  a 
compilation  of  facts  observed  by  others,  but  rather  a  record  of 
the  anthor^s  own  wide  and  extensive  observations.     The  general 
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method  of  classification  adopted  is  as  follows: — (1)  orthoclase 
rocks;  (2)  ortboclase-nepheline,  and  orthoclase-leucite  rocks;  (8) 
plagioclase  rocks;  (4)  plagioclase-nepheline,  and  plagioclase-lea- 
cite  rocks;  (5)  nepheline  rocks ;  (6)  leucite  rocks;  ^7)  olivine,  or 
chrysolite  rocks.  The  special  system  of  subdivisions  of  these 
classes  will  be  gathered  from  the  following  example :  Orthoclabe 
rocks  are  divided  into  those  which  are  pretertiary  or  older  rocks, 
and  those  that  are  tertiary  or  recent,  or  younger  rocks.  First,  the 
older  rocks  (I)  contain  quartz  and  are  (1)  granvlar  in  texture, 
granites,  or  (2)  porphgritic,  quartz  porphyries,  or  (3)  gUusg,  fel- 
site-pitchstones ;  or  they  are  (II)  without  quartz,  and  are  (1)  gran- 
fslar^  syenites,  or  (2)  porphgritiCy  porphyries  with  no  quartz. 
Secondly,  the  younger  rocks  (I)  contain  quartz,  and  are  (I)  gran- 
tUar  or  porphyritiCy  liparites,  or  (2)  glassy^  obsidian,  trachytie 
pitchstone,  perlite,  pumice ;  or  they  are  (II)  without  quartz,  includ- 
ing the  tracnytes  and  some  glassy  rocks. 

The  description  of  the  individual  rocks  are  very  complete,  espe- 
cially the  references  to  their  microscopic  character.  A  valuable 
portion  of  the  work  is  the  list  of  books  and  memoirs  on  lithologi- 
cal  subjects  covering  about  thirty  pages.  e.  s.  d. 

7.  A  Guide  to  the  Determination  of  JRockSy  being  an  intro- 
duction to  Lithology;  by  £.  Jannetaz.  Translated  trom  the 
French  by  G.  W.  Plympton,  C.E.,  A.M.  165  pp.  8vo.  New 
York,  1877.  (D.  Van  Nostrand.) — This  little  book  has  some  very 
good  points,  but  its  usefulness  is  much  impaired  by  the  numerous 
inexcusable  mistakes  which  appear  in  its  pages: — for  example, 
muscovite  micas  are  stated  to  be  rich  in  magnesia  ;  the  tesselated 
appearance  of  some  andalusite  crystals  (chiastolite  or  made)  is 
described  as  due  to  the  ^^envelopment  of  fragments  of  the  rock 
in  which  they  are  found,"  (p.  36) ;  pyrites  (FeSj)  is  said  to  be 
easily  reduced  to  FeS  (p.  109)  etc.  Besides,  such  words  as 
Cordieritfels,  Cyanitfels,  1  opfstein,  Gkillinace,  etc.,  do  not  belong 
to  the  Engliah  language. 

8.  Tables  forihe  Detenni nation  of  Minerals.  Based  upon  the 
tables  of  Weisbach ;  enlarged,  and  furnished  with  a  set  of  mineral 
formulas,  a  dolumn  of  specific  gravities  and  some  of  the  characte^ 
istic  blowpipe  reactions;  by  Persipor  Frazrr,  Jr.,  A.M.  119pp. 
8vo.  Philadelphia,  1878.  (J.  B.  Lippincott  &  Co.)— The  first 
edition  of  Professor  Frazer's  useful  little  book  was  noticed  in  vol- 
ume ix  of  this  Journal.  The  revised  work,  besides  numerous  co^ 
rections  and  minor  additions,  contains  some  new  features,  as  for 
instance,  the  indication  of  the  comparative  rarity  of  the  less 
prominent  species. 

9.  Tridymite  in  Ireland, — Prof.  A,  von  Lasaulx  reports  the  dis- 
covery of  tridymite  in  the  trachyte-porphyry  of  County  Antrim, 
Ireland. 

10.  Anthracite  of  Pennsylvania. — Mr.  E.  T.  Hardman,  m  a 

?>aper  in  the  Journal  of  th  j  Royal  Geological  Society  of  Ireland 
XIV,  200,  1876),  attributes  the  change  to  anthracite  in  Pennsylva- 
nia to  the  series  of  trap-dikes  to  the  eastward — not  recogniang 
the  fact  that  these  trap-dikes  are  Triassic  or  Jurassic  in  age,  ana 
the  nearest  over  fifteen  miles  distant  from  the  coal. 
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III.  Botany  and  Zoology. 

1.  C.  Dabwin.  The  Different  Forms  of  Flowers  on  Plants  of  the 
me  Species.  (London,  Murray  ;  New  York,  D.  Appleton  &  Co. 
77.)  12mo,  352  pp. — Circumstances  have  prevented  an  earlier 
tice  of  this  volume,  Mr.  Darwin's  last  work  upon  th^  fertilization 
flowers,  the  Englitth  edition  of  which  was  issued  last  summer, 
d  the  American  reprint  was  not  far  behind.  Although  we  ousht 
call  attention  to  it,  for  the  benefit  of  our  general  readers,  and  of 
e  niunerous  local  botanists  of  our  country  who  have  little  access 
foreign  publications,  yet  the  duty  of  reviewing  the  present  vol- 
le  was  not  urgent,  as  regards  scientific  novelty.  For  it  is  to  a 
eat  extent  a  reprint,  with  alterations  and  considerable  additions, 
articles  publisned  some  years  ago  in  the  Journal  of  the  Linnsean 
•eiety,  which  excited  much  interest  at  the  time,  and  the  topics 
re  Decome  a  part  of  our  common  knowledge.  Still  Mr.  Darwin 
old  not  take  up  and  reprint  these  pa{>crs  without  adding  some- 
ing  to  their  value,  and  without  making  emendations  or  indica- 
ig  qualifications.  He  adds,  moreover,  succinct  notices  of  what 
a  been  done  by  others  in  the  same  field. 

ISx  of  the  chapters  relate  to  dimorphous  blossoms,  such  as  those 
Primrose  and  Houstonia,  including  also  the  trimorphic  cases,  as 
Lytkrum  Salicaria  and  some  species  of  Oxalis.  The  seventh 
apter  discusses  Polygamous,  Digbcious,  and  Gyno-DicBcious 
ants;  the  eighth  and  closing  chapter  is  devoted  to  Cleisto- 
imous  Flowers. 

For  the  dimorphous  and  trimorphous  forms, — which  needed 
general  appellation,  and  one  to  indicate  the  difference  in  the 
xual  organs  themselves  (calyx,  corolla,  etc.,  being  alike  in  the 
ro  sorts), — ^Mr.  Darwin  aaopts  Hildebrand's  term  of  heterostyled. 
'hen  this  term  came  to  our  notice  as  one  intended  for  settled  use, 
&  took  the  opportunity  in  this  Journal,  a  year  ago,  to  suggest  a 
ter  name,  one  which  equally  avoids  the  ambiguity  of  the  older 
na,  dimarphouSj  bv  indicating  that  the  difference  is  in  the  stamens 
id  pistils,  not  in  the  floral  envelopes,  and  avoids  the  eironeous 
iplication  of  the  term  heterostyledy  that  the  style  is  only  or  mainly 
ncerned.  That  is,  we  proposed  the  term  heterogone  or  hetero- 
mous.  We  w;ere  too  late  to  ensure  its  adoption  in  this  work.  A 
iriy  good  term  once  in  use  ought  not  to  be  exchanged  for  a  new 
le  without  very  sufficient  reason  ;  and  for  the  present  purpose  the 
nn  heterostvle  is  well  enough.  But  the  time  has  arrived  when 
is  peculiarity  of  structure  must  be  indicated  in  descriptive 
>tany  as  a  part  of  the  character  of  the  genera  or  species  which 
feet  it :  and  here  the  inconvenience  or  equivocation  of  the  phrase 
lores  heterostyli  will  sometimes  be  manifest.  We  think  it  proba- 
e  that  our  term  may  find  its  place  in  systematic  botany,  and  that 
e  iihall  write  Flores  hermaphroditic  heterogoniy  monoecei,  dioecei^ 
fnihdioeceiy  polygamic  ^  ^^^  ^^^^  ™^y  ^^* 
Ojne  good  set  of  terms  for  phytography  we  owe  to  Mr.  Darwin 
i4'  the  present  book,  i  e.,  that  of  gyno^ioedous  and  gyno-monce- 
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cious,  for  the  case  of  those  plants  which  produce  their  two  kinds 
of  blossoms  as  hermaphrodites  and  females,  either  on  distinct  indi- 
viduals or  on  the  same  plant.  So,  likewise,  the  term  andro-moncd' 
Cions  and  andro-dicecious  for  the  case  of  hermaphrodite  and  male 
flowers,  on  the  same  or  on  separate  individuals.  As  to  andro-dice- 
cism,  Mr.  Darwin  remarks  that,  after  making  enquiries  from  sev- 
eral botanists,  I  can  hear  of  no  such  cases.  The  last  summer 
brought  one  such  case  to  li^ht  in  our  Cambridge  Botanic  Garden, 
perhaps  exceptionally,  but  it  raises  the  inquiry  whether  Diospyrui 
Virginiaiiay  our  Persimmon  tree,  may  not  be  of  this  character.  A 
solitary  female  tree  here,  and  with  no  male  tree  in  the  town,  sets 
fruit  more  or  less  in  most  seasons ;  but  the  persimmons  are  under- 
sized and  seedless.  This  year  it  was  loaded  with  full-sized  fruit, 
well  furnished  with  seeds,  the  latter  with  a  good  embryo.  The 
female  flowers  always  bear  stamens;  but  these  are  generally 
thought  to  be  impotent;  perhaps  they  usually  produce  soro^ 
pollen  ;  they  doubtless  did  so  upon  this  occasion. 

As  Mr.  Darwin  asserts,  it  would  be  convenient,  and  conduce  to 
clearness,  to  restrict  the  Linna3an  (and  as  now  used  loose)  term 
polygamous  to  the  species  in  which  hermaphrodites,  males,  and 
females  co-exist.  This  may  occur  in  twp  ways,  and  possibly  in 
three.  The  English  Ash,  as  he  remarks,  is  trioecious,  or  has  the 
three  kinds  on  as  many  individual  trees ;  while  some  Maples  bear 
all  three  on  the  same  tree. 

If  we  rightly  read  a  statement  on  p.  10,  it  implies  that  proterandry 
and  proterogyny  are  known  to  occur  only  in  "some  few  hermaphro- 
dite plants.''  But  it  can  hardly  mean  that,  cases  of  it  being  com- 
mon and  obvious  in  many  natural  orders. 

The  first  chapter  of  this  volume  is  devoted  to  PrimtUa  and  its 
allies;  the  second,  to  hybrid  Primulas,  mainly  to  the  Oxlip,  which 
is  shown  to  be  a  spontaneous  hybrid  between  the  Cowslip  and  the 
Primrose.  A  note  is  added  on  some  wild  hybrid  Verbascums,  spe- 
cially those  between  Verbascum  TTiapsus  Bud  V,  JLgchnitis^  which 
cross  with  the  greatest  facility,  and  produce  a  series  of  forms 
which  almost  connect  these  two  widely  distinct  species,  vet  the 
hybrids  of  the  first  generation  are  almost  wholly  self-sterile. 
Such  cases  as  this  and  that  of  the  Oxlip,  which  was  formeriy 
thought  to  prove  that  the  Cowslip  and  tne  Primrose  were  mere 
varieties  of  one  species,  show,  as  Mr.  Darwin  remarks,  "  that  bot- 
anists ought  to  be  cautious  in  inferring  the  specific  identity  of  two 
forms  from  the  presence  of  intermediate  gradations ;  nor  would  it 
be  easy  in  the  many  cases  in  which  hybrids  are  moderately  fertile, 
to  detect  a  slight  degree  of  sterility  in  such  plants  growing  in  a 
state  of  nature  and  liable  to  be  fertilized  by  either  of  the  parent 
species." 

The  third  chapter  takes  up  in  succession  other  heterogone  dimor- 
phous flowers,  particularly  those  of  some  species  of  Flax,  and  of 
HovstoniUy  Mitchella^  and  other  JittbiacecB.  The  fourth  chapter 
discusses  the  trimorphous  flowers  of  the  same  category,  notably 
oi  Lythruvi  Salicaria^  of  which  we  gave  an  abstract  when  this 
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strikiDg  case  was  first  brought  to  light.  Our  Nesiiea  verticiUata 
is  also  referred  to,  the  trimorphous  species  of  Oxalis  considered,  and 
finally  Pontederia^  the  only  monocotyledonous  genus  now  known 
to  be  heterugone.  The  trimorphism  in  this  genus  was  detected  a 
few  years  ago  by  Fritz  MtQler  in  Brazil ;  also  recently,  in  P,  cor^ 
data,  our  common  Pickerel- weed,  by  Mr.  Leggett  of  New  York, 
Chapter  YI  is  a  detailed  discussion  of  experiments  on  the  illegiti- 
mate ofiEspring  of  heterogone  flowers;  i.  e.,  offspring  produced  by 
breeding  within  the  limits  of  the  same  form,  shurt-styled  with  long- 
stamened,  or  the  converse.  The  conclusion  is  that  in  all  points 
**  the  parallelism  is  wonderfully  close  between  the  effects  of  illegit- 
imate and  hybrid  fertilization.  It  is  hardly  an  exaggeration  to 
assert  that  seedlings  from  an  illegitimately  fertilized  hetero- 
styled  plant  are  hybrids  formed  within  the  limits  of  one  and  the 
tame  species.  This  conclusion  is  important ;  for  we  thu^  leara  that 
the  difficulty  in  sexually  uniting  two  organic  forms,  and  the  ster- 
ility of  their  offspring,  afford  no  sure  criterion  of  so-called  specific 
distinctness.  ^^  If  one  were  to  cross  two  varieties  of  the  same  form 
of  Lyihrwof^  or  Primula  for  the  sake  of  ascertaining  whether  they 
were  specifically  distinct,  "and  he  found  that  they  could  -be  united 
only  with  some  difficulty,  that  their  offspring  were  extremely 
sterile,  and  that  the  parents  and  their  onspring  resembled  in  a 
whole  series  of  relations  crossed  species  and  their  hybrid  off- 
spring, he  might  maintain  that  his  varieties  had  been  proved  to 
be  gocKl  and  true  species ;  but  he  would  be  completely  deceived.^' 
The  cause  of  this  sterility  between  individuals  which  may  have 
sprung  from  the  very  same  parent  or  parents  and  from  the 
same  capsule,  must  evidently  be  in  their  reproductive  organs 
only,  and  in  some  recondite  incompatibility  of  their  sexual  ele- 
ments, not  in  any  general  difference  of  structure  or  constitution.* 
And  Mr.  Darwin  effectively  argues  that  the  same  holds  in  case 
of  distinct  species  of  the  same  genus.  ^'  We  are  indeed  led  to 
this  same  conclusion,'' he  adds,  '^by  the  impossibility  of  detecting 
any  differences  sufficient  to  account  for  certain  species  crossing 
with  the  greatest  ease,  whilst  other  closely  allied  species  cannot 
be  crossed,  or  can  be  crossed  only*  with  extreme  difficulty.  We 
are  led  to  this  conclusion  still  more  forcibly  by  considering  the 
great  difference  which  often  exists  in  the  facility  of  crossing 
reciprocally  the  same  two  species ;  for  it  is  manifest  in  this  case 
that  the  result  must  depend  on  the  nature  of  the  sexual  elements, 
the  male  element  of  the  one  species  acting  freely  on  the  female 
element  of  the  other,  but  not  so  in  a  reversed  direction."  Ster- 
ility of  hybrids  ceases  to  be  a  criterion  of  species. 

The  6th  chapter  follows  up  the  subject  in  a  series  of  concluding 
remarks.  It  refers  to  those  cases  of  more  or  less  marked  recip- 
rocal differences  in  stamens  and  style  which  are  unaccompanied  by 
any  difference  in  size  or  form  of  poll  en -grains;  and  it  tabulates 
the  difference  in  pollen-grains  of  the  two  sorts.  "  With  all  the 
species  in  which  the  grains  differ  in  diameter,  there  is  no  excep- 
tion to  the  rule,  that  those  from  the  anthers  of  the  short-styled 
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form,  the  tubes  of  which  have  to  penetrate  the  longer  pistil  of 
the  long-styled  form,  are  larger  than  the  grains  from  the  other 
foroL"  "  This  curious  relation  led  Delpino  (as  it  formerly  did  me) 
to  believe  that  the  larger  size  of  the  grains  is  connected  with  the 
greater  supply  of  matter  needed  for  the  development  of  their 
longer  tubes."  But  it  proved  that,  in  many  cases  where  the 
pollens  differ  much  in  size,  the  styles  differ  moderately  in  length, 
and  vice  versa,  and  that  in  plants  generally,  there  is  no  close 
relationship  between  size  of  pollen  and  length  of  style  (the  grains 
being  of  the  same  size  in  Datura  arborea  and  in  Buckwheat, 
while  the  style  of  the  one  is  nine  inches  long  and  of  the  other 
very  short) ;  yet  still  "  it  is  difficult  quite  to  give  up  the  belief 
that  the  pollen  grains  from  the  longer  stamens  of  heterostyled 
plants  have  become  larger  in  order  to  allow  of  the  development 
of  longer  tubes."  A  list  of  the  genera,  thirty-eight  in  number, 
positively  known  to  be  hoterogonous  is  given.  Ttiey  belong  to  four- 
teen orders;  but  almost  half  the  genera  belong  to  the  order 
Hubiaceas;  with  the  exception  of  Pontederia,  they  all  have  r€»gu- 
lar  coi*olla8,  and  all  depend  on  insects  for  fertilization.  ^  Plants 
which  are  already  well  adapted  bv  the  structure  of  their  flowers 
for  cross-fertilization  by  the  aid  ot  insects  often  possess  an  irregu- 
lar corolla,  which  has  been  modeled  in  relation  to  their  visits ; 
and  it  would  have  been  of  little  use  to  such  plants  to  become 
heterostyled.  We  can  thus  understand  why  it  is  that  "not  a  single 
species  is  heterostyled  in  such  great  families  as  the  Leguminos€^ 
Labiatm^  ScrophulariaoeoBy  Orchidem,  etc.,  all  of  which  have  irregu- 
lar flowers." 

Chapter  VII  relates  to  Polygamous,  Dioecious,  and  Gyno-dioecious 
plants.  A  few  genera  are  mentioned  which  have  probably  passed 
•on  from  the  heterogone  condition  to  the  dioecious.  Coprosma  is 
perhaps  the  best  marked  case ;  and  MitcheUa  and  Epigasii  show 
tendencies  in  the  same  direction.  On  the  other  hand,  Mr.  Dar- 
win's observations  on  JBuonymus  JEuropofus  are  "  very  interesting, 
as  showing  how  an  hermaphrodite  plant  may  be  converted  into  a 
dioecious  one."  Rhamnus  lanceolatus  shows  the  same  thing  more 
incipiently.  Of  Gyno-dioecious  plants,  which  bear  hermaphrodite 
and  female  flowers,  but  no  separate  males,  and  which  show  no 
obvious  tendency  towards  dioecism,  the  principal  illustrations  are 
from  Lahiaim,  such  as  Thyme,  Nepeta  (xlechoma.  Mint,  etc. 

The  eighth  and  last  chapter  is  devoted  to  Cleistogamic  flowers. 
All  ordinary  cases,  of  two  feiiids  of  flowers  are  evidently  arranged  . 
to  favor  or  secure  cross-fertilization.  But  there  is  a  good  number 
of  plants,  such  as  most  Violets,  which  besides  their  ordinary  and 
showy  blossoms,  produce  others  which  fertilize  and  fructify  with- 
out opening.  These  are  always  small  and  inconspicuous;  and 
they  so  much  resemble  early  flower-buds  of  arrested  development 
that  we  were  accustomed  to  designate  them  as  flowers  preco- 
ciously fertilized  in  the  bud.  In  some  if  not  most  cases  this 
would  be  a  quite  correct  representation  of  them ;  and  there  are 
well  known  instances  in  which — at  least  in  cultivation — the  earlier 


Botany  and  Zoology.  71 

of  the  ordiDary  flowers  Belf-fertiUze  without  expanding  or  fuHy 
completing  their  development ;  but  in  others  these  comparatively 
minute  and  ever  closed  flowers  are  profoundly  modined  struc- 
turally in  reference  to  their,  function.  Dr.  Kuhn,  in  1867,  gave 
them  the  appropriate  name  oiflores  deUtogami^  cleisiogamie^  or 
as  we  prefer  eletstogamous  flowers.  The  literature  of  the  subject 
may  mostly  be  gathered  from  this  chapter,  in  which  all  that  is 
known  of  these  blossoms  is  condensed.  We  cannot  here  attempt 
a  recapitnlation.  In  brief,  *^  they  are  remarkable  for  their  small 
BiBe  and  from  never  opening,  so  that  they  resemble  buds;  their 
petals  are  rudimentary  or  quite  aborted ;  their  stamens  are  often 
reduced  in  number,  with  the  anthers  of  very  small  size,  contain- 
iog  few  pollen-grains,  which  have  remarkably  thin  transparent 
eoatfly  and  which  generally  emit  their  tubes  while  still  enclosed 
within  the  anther^sells ;  and  lastly  the  pistil  is  much  reduced  in 
■iae,  with  the  stigma  in  some  cases  hardly  at  all  developed. 
Th€«e  flowers  do  not  secrete  nectar  or  emit  any  odor.  .  .  .  Conse- 
quently insects  do  not  visit  them ;  nor  if  they  did  could  they  And 
an  entrance.  Such  flowers  are  therefore  invariably  self-fertilized; 
vet  they  produce  abundance  of  seed.''  Indeed  they  are  far  more 
fertile  than  the  ordinary  flowers  of  the  species,  which  are  apt  to 
be  sterila  The  latter  are  in  most  cases  ada'^ted  to  the  visits  of 
ioaeots ;  in  some,  such  as  Orchids,  they  are  dependent  upon  this 
i^ncy  for  such  fertility  as  they  possess. 

Cleistogamous  flowers  are  known  in  about  twenty -four  natural 
orders,  yet  not  in  a  large  number  of  genera.  The  list  ^iven  by 
Kuhn,  and  corrected  and  extended  bv  Darwin,  is  likely  to  be 
enlarged ;  but  in  one  particular  it  may  be  diminished,  for  liuellia^ 
Dipteraccmtkus^  and  Cryphiacauthtis  are  really  all  of  one  genus. 
We  can  add  another  genus  and  natural  order  to  the  list.  For, 
while  writing  this  notice,  Mr.  C.  G.  Pringle,  of  Charlotte,  Ver- 
mont, calls  our  attention  to  its  occurrence  in  Dalibarda  repenSy 
of  the  order  Jiosaceat^  and  sends  excellent  specimens  which  exem- 
|dify  it.  This  should  confirm  the  genus,  which,  as  restricted  to  its 
original  and  proper  species,  and  irrespective  of  this  newly-dis- 
covered peculiarity,  surely,  ought  not  to  be  combined  with  Bubus, 

Oleistogamy  is  aA  arrangement  to  secure  a  certain  and  abundant 
supply  of  seeds  with  the  least  expenditure ;  it  is  a  corrective  of 
or  guard  against  the  dangers  of  cross-fertilization  dependent  on 
either  winds  or  insects ;  but  no  cleistogamous  species  is  known 
which  has  not  ordinary  flowers  also,  mostly  coroUiferous  and  in- 
sect-visited, some  specially  modified  for  such  visits,  eitheT  by 
heterogone  dimorphism  or  by  special  sti-ucture  such  as  that  of 
Orchids  and  Violets,  but  some  anemophilous,  such  as  a  few 
rashes  and  grasses.  Among  the  latter,  it  is  singular  that  one  of 
the  earliest  known  and  strongly  marked  cases,  that  of  Amphi- 
earpum  {Milium  amphicarpum  Fursh),  should  be  overlooked. 

Since  this  notice  was  written,  Mr.  Pringle  has  announced  to  us 
the  discovery  of  cleistogamous  flowers  regularly  occurring  within 
the  leaf-sheaths  of  Danthonia  spicata  and  its  allies,  also  in  Vil/a 
and  other  grasses.  a.  o. 
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2.  Ferns  of  North  America.  By  Daniel  C.  Eaton,  of  Yale 
College.  (S.  E.  Cassino,  Salem,  Mass.)  Part  I,  pp.  20,  and  three 
plates,  represen ting  four  species.  4  to,  1 8  7  7. — We  are  glad  that  our 
country  Ik  not  to  lag  behind  others  iq  furnishing  to  amateurs  as 
well  as  to  serious  and  more  general  botanists  the  great  facilities 
which  figures  give  for  the  study  of  Ferns.  Books  of  this  kind,  of 
various  pretension  and  merit,  abound  in  Great  Britain,  and  there 
is  evidently  a  great  demand  for  them.  But  our  own  fern-fanciers 
are  becoming  numerous  and  active,  and  this  work  will  aid  them 
and  bring  many  more  into  the  field.  At  least  our  botanists  and 
botanical  students  want  it.  And  this  work  seems  to  us  well  plan- 
ned to  meet  all  these  requisitions.  Well  executed  it  certainly  is, 
thus  far.  The  paper  and  typography  are  most  excellent;  and  the 
plates,  from  colored  drawings  by  J.  H.  Emerton,  are  beautiful 
specimens  of  chromo-lithography.  Plate  II,  representing  Ch^Han- 
thea  vestita  and  (7.  Cooperce  (a  new  species,  detected  in  California 
by  Mrs.  Elwood  Cooper,  whose  name  it  bears),  is  to  our  mind  the 
best ;  and  the  synopsis  of  the  species  of  the  genus,  arranged  under 
the  sections,  was  a  good  thought.  The  figure  of  Aepleniufn  aer^ 
ratum^  a  tropical  American  Fern,  recently  discovered  in  Florida 
by  Dr.  Garber,  is  well  managed  and  characteristic ;  but  by  lamp- 
liglit  the  green  is  too  blue.  Under  the  same  conditions  the  Lu- 
ffodiuniy  which  is  well  chosen  for  a  leader,  seems  too  pale  and  dull 
A  little  more  practice  will  set  this  all  right.  The  prospectus  in- 
forms us  that  a  fascicle  will  be  published  every  two  months,  or 
thereabout,  at  a  dollar  each ;  and  that  it  is  proposed  to  figure  all 
the  species  indigenous  to  the  United  States.  This  is  an  excellent 
beginning.  That  it  will  be  kept  up  to  the  standard,  and  will  be 
critically  accurate,  we  cannot  doubt ;  for  no  one  knows  our  Ferns 
half  so  well  as  Professor  Eaton,  and  no  one  can  describe  them  bet- 
ter. We  hope,  and  we  do  not  doubt,  that  the  sale  will  warrant 
this  enterprise,  and  ensure  its  continuance  and  completion. 

A.    G, 

3.  Notes  on  Botrychhim  simplex^  by  George  E.  Davenport, 
1877. — Here  is  more  Fern-lore,  an  exhaustive  monograph  of  a 
pygmy  Fern,  which  was  first  described  in  this  Journal  (tor  1823, 
vol.  vi,  in  a  page  which  is  now  reproduced  in  fac  simile),  and  of  a 
closely  allied  species  B.  matricarioefolium^  from  which  it  is  now 
distinguished  by  the  radical  or  rather  subterranean  sterile  branch 
of  the  frond.  Two  large  quarto  plates  crowded  with  figures  (48 
in  number),  illustrate  the  forms  wnich  these  two  species  assume  in 
this  country,  and  the  account  of  them  fills  22  pages  of  letter-press 
of  the  same  size.  The  result  of  this  thorough  treatment  is  to  con- 
firm the  view  taken  by  Milde ;  but  it  is  left  doubtful  which  of  the 
two  Professor  Hitchcock  had,  if  indeed  he  did  not  have  both.  As 
the  title-page  gives  neither  name  of  publisher  nor  place  of  publi- 
cation, we  conclude  that  this  elaborate  paper  is  privately  printed. 
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ove  to  be  of  any  service  to  fern-students  [which  it  surely  will], 
ey  will  owe  it  entirely  to  the  generosity  or  Mr.  Robinson.'* 

A.    6. 

4.  Researches  in  regard  to  the  influence  of  light  and  radiant 
at  upon  transpiration  in  plants^  by  J.  Wiesnkr  (translated  in 
DO.  d.  Sc.  Nat.,  Sept.,  1877,  from  Sitzunssb.  der  k.  Akad.  d. 
iflsenscb.,  1876,  t.  74).  Wiesner  prefaces  his  memoir  by  a  short 
storical  account,  of  which  we  here  give  an  abstract.  Near  the 
iddle  of  the  last  century,  Guettard  demonstrated  by  rude  ex- 
riments  that  light  favors  transpiration.  Unger,  and,  later, 
chs  have  supposed  that  the  movements  of  stomata  under  the 
9aeDce  of  light  are  the  cause  of  its  action  upon  transpiration, 
urthelemy  has,  however,  shown  that  the  opening  of  stomata 
pends  largely  upon  the  pressure  of  gas  in  the  interior  of  plants; 
len  this  pressure  is  slight,  stomata  can  remain  closed  even  in 
e  light.  The  opening  of  stomata  is  according  to  him  to  be 
>kea  upon  as  an  effect  of  the  increased  transpiration  and  not 

cause.  Deh^rain  and  Risler  have  ^ated  that  those  rays  of 
ht  which  are  most  efficient  in  decomposing  carbonic  acid,  are 
9  most  active  in  transpiration.  Lastly,  Baranetzky  has  shown 
it  transpiration  is  not  always  proportional  to  the  intensity  of 
ht.  To  explain  this* he  assumes  that  there  is,  in  the  plant,  a 
iritiveness  to  the  action  of  light,  which  may  be  exhausted  by 
>  frequent  excitation. 

Wiesner,  in  the  memoir  now  noticed,  ogives  a  detailed  account 
his  own  experiments,  and  presents  the  following  conclusions, 
part  of  the  light,  which  has  traversed  chlorophyll  is  trans- 
med  into  heat;  there  results  an  elevation  of  temperature 
thin  the  tissues,  and  a  consequent  increase  of  tension  of  aque- 
s  vapor  in  the  intercellular  spaces.  The  excess  of  vapor 
^apes  through  the  stomata.  Tne  rays  which  correspond  to 
3  absorption  bands  of  the  chlorophyll  spectrum,  and  not  the 
fs  which  are  most  luminous,  are  those  which  are  efficient  in 
tnppi ration ;  rays  which  have  passed  through  a  solution  of  chlo- 
jhyll  exert  only  a  feeble  influence  upon  trs^nspi ration.  Other 
loring  matters,  xi^nthophyll,  for  instance,  acts  like  chloro- 
yll,  but  less  powerfully.  Wiesner  has  shown  that  active  trans- 
lation in  young  leaves  of  maize  can  take  place  when  the  stomata 
J  closed;  on  the  other  hand,  the  transpiration  of  Hartiregia 
nosa  was  very  feeble  in  the  dark,  although  the  stomata  were 
dely  open.  Also  that  the  dark  heat-rays  are  less  active  in 
inspiration  than  the  luminous  rays,  and  that  the  ultra-violet 
rs  have  no  influence  at  all ;  that,  whatever  may  be  the  nature 
the  rays,  they  act  solely  by  elevating  the  temperature  of  the 
sues.  G.   L.   G. 

5.  Ueber  JBotrydlum  grantdatnin  ;  by  J.  Rostaftnski  and  M. 
OKONiN. — This  is  an  interesting  paper  which  appeared  in  the 
Canische  Zeitung  of  Oct.  12.     1  he  investigations  were  carried 

simultaneously  by  Rostafinski  in  Strassburg  and  Woronin  in 
Petersburg,  the  plates,  which  are  beautifully  done,  being  drawu 
Woronin.    As  is  well  known  Botrydium  granulatum  is  a  unicel- 
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lalar  Alga  of  %  more  or  less  pviiform  shape,  from  whoee  smaller 
end  grows  a  branching  root-like  process  by  which  the  plant  is 
ftstened  in  the  moL<t  ground.  Small  as  it  is,  it  is  amply  proyided 
with  reproductive  bodies  a^  will  be  seen  li^^  the  fi>liowing :  Ist. 
The  contents  of  the  pyriform  portion  mar  change  into  a  large 
nomber  of  sodspores  each  prorided  with  a  ciKam.  2d.  If  the  plant 
becomes  somewhat  dry  the  pyriform  portion  shrivets,  and  the  root 
fibres  drvide  ap  into  a  nomber  of  cells  which  may  be  transformed 
in  either  of  two  ways ;  if  placed  in  a  moist  position  their  contents 
are  transformed  into  zo&spores  like  those  alnsidy  described ;  or  else 
each  cell  poshes  oot  a  hyaline  root-like  process  which  then  grows 
so  as  to  posh  the  rest  of  the  cell  above  groond  forming  what  is 
known  as  the  hypnospore.  In  the  hypnospore,  aodpores  are  pro- 
doced  which  have  one  ciliom.  3d.  By  the  germination  of  the 
oniciliate   zoospores  individoals  are   prodoced   which   bear  the 

rres  proper.  The  latter  may  be  either  green  or  red,  and  in 
m  are  formed  zoospores  which  are  famished  with  two  cilia  and 
which,  after  escaping  from  the  spore,  onite  in  twos  or  some  larger 
nomber  so  as  to  form  what  Rostatinski  woold  call  an  isospore  or, 
as  is  more  g^enerally  expressed,  a  zygospore. 

The  cells  of  JBotrydium  sometimes  bod  oot  at  the  sides  and  the 
bodding  processes,  after  a  time,  send  oot  hyaline  roots  and  finally 
separate  from  the  mother  cell,  forming  a  new  individoaL  In  this 
connection,  we  woold  refer  to  a  plant  which  we  foond  daring  the 
past  sommer  at  Eastport,  Maine,  and  Gloocester,  Mass.,  where  it 
was  not  rare  on  rocks  and  wharfs  at  half-tide.  The  species  seems 
to  be  identical  with  Cceiiotum  grtgarmvn  A.  Br.,  foond  by  Brown 
and  afterwards  by  Pringsheim  at  Heligoland,  in  company  with 
Calothrix  scopellorum  As,  with  which  it  is  also  associated  on  oar 
own  coast.  The  mode  of  growth,  by  means  of  bods,  which  after- 
wards send  oot  a  hyaline  root,  and  then  separate  from  the  mother 
cell,  is  the  same  as  that  described  in  Botrydium,  The  sporiferoos 
plant  also  bears  a  strong  resemblance  to  B*Arydiuin  aranukUwn^ 
and  it  seems  that  the  somewhat  anomaloos  genos  Uoelioium^  at 
lea^t  C  ^^regarium^  shoold  be  incloded  in  Botrydium.     w.  o.  f. 

6.  Om  ^ipetsbergeiis  marina  KlorofyU  JTira/tde  Ihallophyter. 
By  Dr.  F.  R  Kjellman. 

Ueber  die  Algtn  Vegetation  des  Murman^ehen  Meerts,  By  Dr. 
F.  R  KjeUman. 

Bidrag  till  kdnnedomen  of  Kariska  hafcets  Algveget€Uion^  By 
l>r.  F.  R  Kjellman. 

The  above  named  articles,  which  are  extracted  from  the  proceed- 
ings of  the  Swedish  Royal  Academy  are  important  contributions 
to  oor  knowledge  of  arctic  Algie.  Dr.  Kjellman  as  botanist  of 
the  expedition  to  Nova  Zembla  onder  the  command  of  Nordens- 
kiold  has  had  exceptional  advantages  for  the  study  of  the  vegeta- 
tion of  a  region  which  is  rarely  visited.  Althoogh,  of  course,  the 
nomlier  of  species  is  small,  a  nomber  of  interesting  Phososporm 
were  foond.  1>t.  Kjellman  regards  as  a  characteristic  of  the  Nova 
Zembla  coast,  in  striking  contrast  to  that  of  Norwav,  that  there  is 
an  almost  entire  absence  of  littoral  Fuei  and  inueed  of  all  littoral 
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cies  whatever.  The  most  prolific  region  was  in  water  about 
,  fathoms  deep.  w.  a  f. 

\  I*hlei  e  Specie  nei  Gruppi  affini  raccoUe  a  Borneo.  By  Vin- 
lao  CesatL  Prospetto  deUe  Fdci  raccoUe  dal  Slgnor  0,  Jaeccari 
la  Polineaick  By  Vincenzo  Cesati,  Napoli. — The  former  article 
ins  a  pamphlet  of  forty-one  pages,  with  four  plates,  in  which  the 
iter  enumerates  the  higher  cryptogams  of  Borneo  and  describes 
amber  of  new  species.  The  latter  article  is  much  shorter  and 
itains  descriptions  of  about  thirty  new  species  and  varieties. 

w.  G.  p. 
L  Notes  on  Botrychium  simplex  Hitch.;  by  Georob  £.. Day- 
port,  1877.  Salem,  Mass.  4to,  pp.  22,  tab.  2. — Botrychium 
ipUx  is  a  little  Fern  which  was  originally  described  and  figured 
this  Journal  in  1823  (voL  vi,  p.  103),  by  President  Hitchcock, 
r  many  years  it  was  very  little  known,  and  was  confused  with 
eral  other  species  of  the  same  genus.  Dr.  Milde,  in  vol.  xxvi, 
the  Nova  Acta  Acad.  Nat.  Curiosorum,  was  the  first  to  clearly 
ine  it,  to  associate  with  it  forma  moi*e  highly  developed  than 
!  specimens  known  to  President  Hitchcock,  and  to  illustrate  the 
tcies  with  figures  of  its  several  forms  and  variations.  •  In  the 
sent  paper  Mr.  Davenport  has  thoroughly  discussed  the  plant 
lill  its  forms,  and  has  carefully  pointed  out  its  real  differences 
m  its  nearest  ally.  He  gives  a  great  number  of  stations  where 
las  been  discovered,  and  in  the  two  plates  he  has  had  figured 
ny  specimens  of  this  species  and  of  other  species  which  have 
.'D  mistaken  for  it.  The  whole  forms  an  interesting  and  valua- 
I  contribution  to  the  history  of  North  American  Ferns;  and  it 
,0  be  hoped  that  the  author  will  be  encouraged  to  publish  the 
alts  of  his  studies  upon  other  species.  d.  c.  eaton. 

).  Note  on  the  Habits  of  young  LimuUus ;  by  Alex  and  br 
rASSiz. — !Mr.  C.  D.  Walcott  has  called  attention  to  the  fact 
It  when  CQllecting  fossils  he  finds  large  numbers  of  Trilobites 
their  back  ;*  trom  this  he  argues  that  they  died  in  their  nat- 
il  position,  and  that  when  living  they  probably  swam  on  their 
;;ka.  He  mentions,  in  support  of  his  view,  the  well  known  fact 
kt  very  young  Limulus  and  other  Crustacea  frequently  swim  in 
it  position.  I  have  for  several  summers  kept  young  horse-shoe 
lbs  in  my  jars,  and  have  noticed  that  besides  thus  often  swim- 
ng  on  their  backs,  they  will  remain  in  a  similar  position  for 
ars,  perfectly  quiet,  on  the  bottom  of  the  jars  where  they  are 
[>t.  When  they  cast  their  skin  it  invariably  keeps  the  same 
itude  on  the  bottom  of  the  jar.  It  is  not  an  uncommon  thing 
find  on  beaches,  where  Limulus  is  common,  hundreds  of  skins 
•own  up  and  left  dry  by  the  tide,  the  greater  part  of  which  are 
*ned  on  their  backs.  An  additional  point  to  be  brought  for- 
rd  to  show  that  the  Trilobites  probably  pass  the  greater  part 
their  life  on  their  back;  and  die  in  that  attitude,  in  that  the 
iing  Limulus  generally  feed  while  turned  on  their  back;  mov- 
r  at  an  angle  with  the  bottom,  the  hind  exti*emity  raised,  they 

Ann.  Lya  Nat  Hist,  zi,  p.   155,  1875;  Twenty-eighth  Report  N.  Y.  State 
Beum,  Dec.|  1876. 
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throw  out  their  feet  beyond  the  anterior  edge  of  the  carapace, 
browsing,  as  it  were,  upon  what  they  iind  in  their  road,  and 
washing  away  what  they  do  not  need  by  means  of  a  powerful 
current  produced  by  their  abdominal  appendages. —  Communicated 
by  the  Author, 

1 0.  New  Species  of  Ceratodus^  from  the  Jurassic ;  by  O.  C. 
Marsh. — Among  the  interesting  vertebrate  remains  recently  found 
in  the  Jurassic  of  Colorado  is  a  tooth  of  a  Ceratodus^  in  good 
preservation.  The  specimen  is  a  left  lower  dental  plate,  having 
the  inner  side  convex,  and  the  outer  divided  inlo  five  prominent 
projections,  which  are  separated  by  four  notches.  The  front  pro- 
jection is  longest,  and  most  pointed.  The  plate  is  attached  to  a 
portion  of  the  dentary  bone,  as  shown  in  the  accompanying  figure. 

The  length  of  this  dental  phite  is  20 

mm.,  and  the  transverse  diameter  II  mm. 

The  species  is  the  first  Mesozoic  Cerato- 

dus  found  in  this  country,  and  hence  of 

much  interest.    It  may  be  named  CercA- 

CercUodua  Guntheri.  odus   QUnfherf,   in   honor  of  Pro£   A. 

Natural  size.  Gttnther  of  the  British  Museum.     The 

geological  horizon  of  this  species  is  in  the  Atlantosaurus  beds  of 

the  upper  Jurassic. —  Communicated  by  the  Author, 

IV.  Astronomy. 

1.  The  November  Meteors. — At  my  request,  Messrs.  Benjamin 
Vail  and  John  P.  Carr,  students  in  the  State  University,  kept 
watch  last  night  for  the  X  ovember  meteors.  The  early  part  of 
the  night  was  too  cloudy  for  observations,  but  before  two  o'clock 
this  morning  (the  14th)  the  sky  had  become  quite  clear.  In  one 
hour  and  fifty  minutes — from  1.56  to  3,45— fifty-four  meteors 
were  counted  by  the  two  observers.  This  was  at  the  rate  ot 
thirty  per  hour.  Nearly  all  were  Leonids — that  is,  the  point  from 
which  they  radiated  was  in  the  constellation  Leo.  A  few  of  the 
number  were  as  large  as  first  magnitude  stars,  and  left  trains, 
which  continued  luminous  for  several  seconds.  The  appearance 
of  so  large  a  number  ten  of  eleven  years  after  the  maximum  dis- 
plays of  1866  and  1867  is  quite  unexpected. 

Bloomington,  November  14,  1877.  DANIEL  KIRK  WOOD. 

2.  On  Schmidth  Nova  CygnL — Mr.  Copeland,  in  a  letter  to 
the  Astronomische  Nachrichten,  from  Lord  Lindsay's  Observatory 
atDunecht,  dated  September  5,  says  :  "  On  September  2,  1877,  I 
examined  this  star  with  the  l5-iuch  refractor  of  this  observatory. 
It  was  found  to  be  of  the  1 0*5  magnitude  and  of  a  decided  blue 
tint,  especially  when  viewed  in  the  same  field  with  the  reddish  star 
B.D.-f-42°  4184  which  it  precedes  by  about  26".  Viewed  through  a 
low  power  eye-piece  and  a  powerful  direct  vision  prism,  held  be- 
tween the  eye  and  the  eye-piece,  the  light  of  the  star  was  found  to 
be  absolutely  monochromatic.  A  single  prism  Browning  spectro- 
scope with  a  slit,  but  without  a  cylindrical  lens,  gave  a  star  like 
image  without  a  trace  of  continuous  spectrum.  *  A  few  hurried 
measures  were  all  that  could  be  obtained ;  they  in^cated  a  wave- 
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length  of  512  mm. ;  bat  great  uncertainty  attaches  to  this  deter- 
mination as  a  slight  derangement  of  the  spectroscope  prevented 
the  introduction  of  a  comparison  spectrum.  On  September  3, 
Lord  Lindsay  made  thirteen  measures  of  the  wave-length,  with  a 
Grubb  spectroscope  giving  a  dispersion  of  8^°  from  B.  to  Z.  The 
very  reliable  result  was  498*0  mm.  A  single  measure  of  mine 
gave  496*1.  It  will  be  at  once  seen  that  the  Tight  of  this  remark- 
able star  is  most  probably  identical  in  wave-length  with  the  nitro- 
gen line  498*7,  or  possibly  with  one  or  both  of  tue  lines  500*4  and 
495*66,  (D' Arrest,  Undersogelser  over  de  nebulose  Stjemer,  Co- 
penhagen, 1872)  occurring  in  the  spectra  nebulfe.  Lord  Lindsay 
found  500*8  mm.  and  493*5  as  limiting  wave-lengths  between  which 
the  whole  width  of  the  line  must  be  enclosed.  Bearing  in  mind 
the  history  of  this  star  from  the  time  of  its  discovery  by  Schmidt 
it  would  seem  certain  *that  we  have  an  instance  before  us  in 
which  a  star  has  changed  into  a  planetary  nebula  of  small  angu- 
lar diameter.  At  least  it  may  be  safely  affirmed  that  no  astrono- 
mer discovering  the  object  in  its  present  state  would,  after  view- 
ing it  through  a  prism,  hesitate  to  pronounce  as  to  its  present  neb- 
ulous character.  Judging  from  the  brightness  of  thci  star  in  the 
finders  of  3f  inch  aperture  it  is  probable  that  a  refractor*  of  5 
inches  aperture  woula  be  sufficient  to  show  the  monochromatic 
nature  of  its  light  when  viewed  through  a  small  direct-vision 
prism. 

3.  Uie  Report  of  Professor  Pickering^  Director  of  the  Harvard 
College  Observatory^  to  the  Visitors,  Nov.  26,  1877,  has  been  pub- 
lished. It  has  been  decided  to  devote  the  large  refractor  to 
photometric  work  and  some  results  of  general  interest  have  been 
already  obtained.  After  describing  the  photometric  arrange- 
ments and  the  details  of  some  observations  upon  the  satellites  of 
Mars,  the  Director  adds :  these  observations  have  not  yet  been 
wholly  reduced,  it  is  therefore  impossible  to  give  the  nnal  con- 
.dusion.  The  best  idea  of  the  light  of  a  satellite  is  obtained  by 
giving  the  diameter  to  which  the  primary  must  be  reduced  to 
render  it  no  brighter  than  the  satellite,  or  the  diameter  of  the  lat- 
ter, if  it  reflected  light  in  the -same  proportion  as  the  planet.  This 
is,  in  fact,  probably  the  only  estimate  we  can  ever  make  of  the 
true  diameter  of  these  bodies.  An  approximate  reduction  of  the 
measurements  of  tfie  outer  satellite,  comparing  its  light  with  that 
from  the  holes,  gives  its  equivalent  diameter  at  about  5*9  miles. 
The  result  of  the  other  comparison  is  about  5*4  miles.  This 
agreement  is  all  that  could  be  desired.  The  observations  of  the 
inner  satellite  give  its  diameter  as  6*5  miles.  The  direct  compari- 
son of  the  two  gives  their  relative  diameters  as  in  the  ratio  of 
10  to  9.  These  figures  will  be  somewhat  altered  in  the  final  re- 
duction. As  the  darker  color  of  the  outer  satellite  somewhat 
diminishes  its  light,  it  is  probably  safe  to  call  it  about  six  miles 
in  diameter,  and  the  inner  satellite  seven  miles. 

This  photometer  has  since  been  used  upon  various  other  objects. 
A  large  number  of  measurements  of  seven  of  the  satellites  of 
Saturn   have   been*  obtained,    including  the   very    faint   object 
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Hyperion,  whose  light  is  thus  determined  with  great  precision. 
Numerous  otlier  very  faint  objects  have  been  similarly  rneas^ 
ured,  especially  some  minute  companions  to  bright  stars.  Stand- 
ards will  thus  be  established  for  the  fainter  stars,  with  which 
observers  hereafter  can  compare  other  minute  objects.  Several 
asteroids  have  been  compared  in  like  manner,  and  will  give  some 
reliable  data  regarding  the  true  diameters  of  these  bodies. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  JVbrtoegian  Exploring  Eay>€dition, — ^Tlie  Norwegian  Atlan- 
tic exploring  expedition  returned  to  Tromsfte,  in  Norway,  by  lat- 
est advices,  for  the  purpose  of  refitting  for  the  further  prosecution 
of  its  work,  the  first  period  having  occupied  from  the  13th  of  June 
until  the  8th  of  July.  It  will  be  rementbered  that  the  object  of 
this  exploration  is  the  discovery  not  merely  of  the  more  impor- 
tant facts  in  regard  to  the  physics  and  natural  history  of  the 
northern  seas,  but  also  of  making  an  economical  application  of  the 
same  in  connection  with  the  Norwegian  fisheries,  which  consti- 
tute so  important  an*  element  in  the  prosperity  of  that  nation. 
This  is  only  a  continuation  of  the  enlightened  measures  initiated 
by  the  government  of  Norway  many  years  ago,  upon  the  results 
of  which,  indeed,  we  are  obliged  to  depend  for  most  of  our  infor- 
mation in  regard  to  the  natural  history  and  economy  of  the  her- 
ring, mackerel,  cod  and  other  northern  fish. 

An  interesting  point  established  by  this  first  cruise  of  the  Vdr* 
ingen,  the  vessel  employed,  is  that  the  minimum  of  temperature  is 
not  always  at  the  bottom  of  the  water,  but  often  at  a  certain  depth 
near  the  surface,  its  distance  therefrom  varying  with  the  season  or 
other  circumstances.  In  the  West  Fiord  the  temperature  at  the 
surface  was  46*7®;  this  decreased  to  38'8**  in  sixty  fathoms;  and 
then  in  140  fathoms,  ten  fathoms  above  the  bottom,  it  rose  to  41^ 
The  explanation  of  this  phenomenon  appears  to  be  that  in  winter 
the  air  is  generally  cooler  than  the  sea  surface,  and  the  layers  of 
surface  water  being  chilled  and  becoming  denser,  sink  down  to  a 
certain  level,  below  which  the  temperature  then  usually  increases 
with  the  depth.  In  the  spring  and  summer  the  air  at  the  surface 
is  warmer,  and  the  surface  layer  of  water  has  no  further  tendency 
to  sink.  This  maintains  a  cold  stratum  persistently  between  the 
surface  and  the  bottom,  which  continues  until  by  the  action  of 
storms  or  currents  an  equilibrium  to  a  certain  extent  is  effected. 

The  greatest  depth  iound  during  the  cruise  was  1710  fathoms, 
with  a  bottom  temperature  of  28-4",  the  lowest  yet  found  by  the 
expedition. — Hw-per^s  Weekly^  October  27,  1877. 

2.  Translation  of  Weisbach^s  Mechanics.-^ProfeBnoT  DuBois 
has  translated  that  part  of  volume  second,  section  second  of 
Weisbach's  Mechanics  that  treats  of  Hydraulics  and  Hydraulic 
Motors,  Though  complete  in  itself  it  is  also  intended  as  a  con- 
tinuation of  Coxe's  translation  of  volume  I,  and  it  is  to  be  soon 
followed  by  a  translation  of  that  part  of  volume  U  that  treats  of 
Heat^  Steam  and  the  Steam  Engine.    It  is  hoped  that  the  transla- 
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tion  of  volume  III  will  soon  follow.  The  part  now  issued  forms  a 
Tolume  of  Iviii  and  675  pages.  .  It  is  published  by  J.  Wiley 
ft  Sons. 

3.  A  new  Treatiw  on  Steam  Engineering^  Physical  properties 
of  permanent  Oases^  and  of  differetit  kinds  of  Vapor ;  by  John 
W.  Nystrom,  C.E.  186  pp.  8vo.  New  York,  1876.  (G.  P. 
Putnam's  Sons.) — This  wort  contains  many  formulas  and  tables 
relating  to  combustion,  steam  pressure  and  ro  on,  which  will  be 
useful  to  the  practical  engineer.  The  author  makes  a  vigorous 
attack  upon  m*any  of  the  commonly  accepted  terms  in  mechanics,  as 
he  has  none  in  his  Elements  of  Mechanics.  A  large  number  of 
new  symbols  and  characters  are  introduced,  the  desirability  of 
some  of  which  may  perhaps  be  questioned. 

4.  A  List  of  Writings  relating  to  the  Method  of  Least  Squares^ 
with  historical  and  critical  notes;  by  Mansfield  Mesriman.  82 
pp.  8vo.  (From  the  Trans,  of  the  Conn.  Acad,  of  Science.) — In 
this  memoir  Mr.  Merriman  gives  over  400  titles  of  volumes  or 
memoirs  relating  to  the  Method  of  Least  Squares,  beginning  with 
Cote's  rule,  published  in  1722,  and  ending  with  the  year  1876. 
The  work  is  however  not  a  mere  list  of  titles.  He  has  given 
notes  upon  and  abstracts  of  all  the  more  important  papers. 
About  one-fifth  of  the  titles  are  quoted  at  second  hand.  These 
are  in  general  those  of  works  of  minor  importance.  The  rest  he 
has  been  able  to  examine  in  the  libraries  of  Yale  College.  The 
preparation  of  this  list  with  the  criticisms  of  papers  is  a  contribu- 
tion of  great  value  to  exact  scienC'C. 

5.  JEiements  of  the  Method  of  Least  Squares  /  by  Mansfield 
Mbrkiman.  198  pp.  8vo.  London,  1877.  (MacmiMan  &  Co.) — Mr. 
Merriman  treats  tne  subject  of  Least  Squares  in  two  sections.  In 
the  first  he  introduces  the  least  amount  of  theory  possible,  the 
object  being  to  give  and  explain  the  practical  rules.    In  the  second 

f  he  develops  the  theory. 

6.  Royal  Society. — In  their  award  of  medals  for  the  present 
year,  the  Council  of  the  Royal  Society  have  taken  a  wide  view, 
for  four  of  the  five  men  chosen  for  the  honor  are  foreigners.  The 
Copley  medal  goes  to  Professor  J.  D.  Dana,  of  New  Haven,  Conn., 
for  his  biological,  geological,  and  mineralogical  investigations,  car- 
ried on  through  half  a  century,  and  for  the  valuable  works  in 
which  his  conclusions  have  been  published.  Mr.  F.  A.  Abel, 
F.FLS.,  the  newly  created  C.B.,  is  to  have  a  Royal  Medal  for  his 
physico-chemical  researches  on  gun  cotton  and  explosive  agents ; 
and  when  we  bear  in  mind  the  diligence  and  intelligence  with 
which  these  researches  have  been  carried  out  during  many  years, 
and  the  admirable  papers  thereupon  published  in  the  Philosophi- 
cal Transactions,  we  may  safely  preaict  that  this  award  will  be 
generally  approved.  A  Royal  Medal  is  awarded  to  Professor  Os- 
wald Heer,  of  Zurich,  for  his  numerous  researches  and  writings  on 
the  Tertiary  plants  of  Europe,  of  the  North  Atlantic,  North  Asia, 
and  North  America,  and  for  his  able  generalizations  respecting 
their  affinities  and  their  geological  and  climatic  relations.  For 
the  first  award  of  the  Davy  Medal,  Robert  Wilhelm  Bunsen,  of 
Heidelberg,  atid  Gustav  Robert  Kirchoff,  of  Berlin,  are  selected, 
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in  recognition  of  their  researches  and  discoveries  in  spectnim  anal- 
ysis. This  is  a  good  beginning  with  a  medal  which  is,  perhaps, 
destined  to  become  famous  in  the  history  of  science.  There  will 
be  no  question  as  regards  the  custody  of  the  golden  prize,  for  each 
of  the  two  learned  professors  will  have  a  medal. — Athenceum, 

The  Silver  Ck>untT7  or  the  Great  Southwest  A  review  of  the  Mineral  and 
other  wealth,  the  attractions  and  material  development  of  the  former  kingdom  of 
New  Spain,  comprising  Mexico  and  the  Mexican  Cessions  to  the  United  States  in 
1848,  and  1853,  by  A.  D.  Anderson.  221  pp.  8vo.  New  York,  1877.  (G.  £. 
Putnam's  Sons). 

Journal  of  Uie  American  Electrical  Society :  including  original  and  selected 
papers  on  Telegn^hj  and  Electrical  Science.     VoL  i,  No.  2,  CMcago,  1877. 

OBITUARY. 

Jared  Potter  Kirtland,  M.D.,  LL.D. — Dr.  Kirtland  died  at 
his  residence  in  East  Kockfort  (near  Cleveland),  Ohio,  December 
10,  1877,  at  the  advanced  age  of  eighty-four  years,  having  been 
born  in  Wallingford,  Connecticut,  November  10th,  1793.  In 
scientific  research  and  study  Dr.  Kirtland  devoted  himself  espe- 
cially to  general  natural  history  and  zoology.  His  discovery  of 
the  existence  of  sex  among  the  Naiades  of  North  America 
was  announced  by  his  paper  in  volume  xxxvi  (1834),  of.  this 
Journal.  This  important  observation  has  since  been  fully  con- 
firmed by  others,  although  for  a  time  sharply  contested.  He 
also  first  noticed  that  the  voung  of  the  Naiades  soon  after  escaping 
from  the  mother  are  attached  to  some  fixed  object  by  a  byssus  and 
for  the  first  year  of  their  lives  become  selsite,  (this  Journal,  (I) 
xxxix,  164)  Dr.  Kirtland  removed  to  Ohio  in  1823,  havini;^  grad- 
uated in  medicine  at  Yale  College  in  1815.  He  conducted  the 
survey  of  the  Natural  History  of  Ohio  under  the  first  Geological 
survey  of  that  State  in  1848.  The  large  collections  then  made  at 
his  own  cost  he  subsequently  devoted  to  founding  the  Cleveland 
Academy  of  Natural  History,  the  State  of  Ohio  refusing  to  reim- 
burse  him  the  expenses  of  the  collection.  His  catalogues  of  the 
iSshes,  reptiles,  mollusks  and  birds  of  Ohio  form  part  of  the  pub- 
lished results  of  that  survey,  and  subsequently  his  descriptions  of 
the  fishes  with  figures  drawn  by  his  own  hand  were  published  in 
the  Journal  of  the  Bostorw  Society  of  Natural  History. 

Dr.  Kirtland  was  a  man  of  untiring  industry,  devoted  to  the 
duties  of  an  arduous  practice  in  medicine,  and  those  of  a  pro- 
fessor of  th^  theory  and  practice  of  his  art  in  more  than  one 
Medical  College.  He  was  a  zealous  cultivator  of  plants  and  was 
successful  in  producing  many  new  varieties  of  fruits.  His  large 
and  generous  nature  made  him  a  philanthropist  and  patriot  and 
endeared  him  to  a  lar^d  circle  of  admirine  friends,  to  whom  his 
stores  of  exact  and  varied  knowledge  afforded  an  unfailing  source 
of  enjoyment.  He  retained  his  intellectual  powers  undimmed  to 
the  close  of  his  long  life. 

Dr.  Kirtland  was  one  of  the  subscribiTS  to  the  first  issue  of  this 
Journal  in  1818,  and  his  name  has  stood  on  its  books  to  the  close 
of  the  last  year,  being,  so  far  as  appears,  the  last  member  of  that 
original  number.  b«  s. 
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Abt.  VIIL — On  the  PhotoiYietric  comparison  of  Light  of  different 
colors ;  by  Professor  O.  N.  Rood,  of  Columbia  College. 

[BMd  before  the  National  Academy  of  Sdenoea,  Oct  24th,  1877.] 

The  comparison  of  the  inteDsities  of  light  of  different  colors 
has  long  been  considered  one  of  the  most  difficult  of  photo- 
metric problems,  but  by  the  use  of  very  simple  means,  I  have 
recently  made  a  series  of  measurements  of  this  character,  which 
may  not  be  without  interest  to  those  whose  studies  lie  in  this 
direction.  The  luminosity  of  card-board  painted  with  vermilion, 
was,  for  example,  measured  as  follows:  a  circular  disc  of  the 
vermilion  cara-board  was  attached  to  the  axis  of  a  rotation- 
apparatus,  smaller  circular  discs  of  black  and  white  card-board 
being  simultaneously  fastened  on  the  same  axis,  so  that  by 
varying  the  relative  proportions  of  the  latter,  a  series  of  grays 
could  be  produced  at  will. 

The  compound  black  and  white  disc  was  now  arranged  so  as 
to  furnish  oy  rotation  a  gray  which  was  decidedly  darker  than 
the  vermilion;  this  gray  tint  was  then  gradually  lightened,  till 
the  observer  became  doubtful  as  to  the  relative  luminosities  of 
the  red  and  gray  discs;  the  angle  occupied  by  the  white  sector 
was  then  measured.  Next,  a  gray  decidedly  more  luminous 
than  the  vermilion  was  compared  with  it,  and  diminished  in 
brightness  till  the  observer  again  became  doubtful,  when  a 
second  measurement  was  taken.  All  this  time  the  manipula- 
tion was  performed  by  an  assistant,  the  experimenter  giving^ 
directions,  but  remaining  in  ignorance  of  the  results  to  the  end. 
The  mean  of  ten  such  experiments  assigned  to  the  vermilion 
disc  a  luminosity  of  23*8,  tnat  of  white  card-board  being  taken 
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as  100.  In  this  experimcDt  and  in  all  those  that  follow,  proper 
corrections  were  nnade  for  the  amount  of  white  light  reflected 
by  the  black  disc,  this  having  been  previously  ascertained,  in  a 
manner  which  will  be  described  in  a  future  communication. 

In  order  to  test  the  correctness  of  the  final  result,  the  lumin- 
osity of  a  blue-green  disc,  correctly  complementary  in  color  to 
the  vermilion,  was  next  measured  in  the  same  way;  it  proved 
to  be  26*56.  The  vermilion  and  blue-green  discs  were  then 
combined,  according  to  Maxwell's  method,  so  as  to  obtain  a 
pure  gray  by  rotation,  and  the  angular  proportions  of  these 
colored  surfaces,  and  the  value  of  the  gray  in  terms  of  white 
and  black  cardboard,  measured.  The  gray  thus  obtained  had 
a  luminosity  of  24*64,  that  of  white  card-board  bt^ing  100. 
Next,  the  value  of  this  same  gray  was  calculated  from  the 
measured  luminosities  of  the  two  colored  discs,  and  the  propor- 
tions of  these  colors  required  to  produce  a  pure  gray  by  mix- 
ture on  the  rotation  apparatus;  the  calculated  value  was  25*47. 

This  agreement  proves  the  correctness  of  the  photometric 
comparison,  and  also  of  Grassman's  assumption,  that  the  total 
intensitv  of  the  mixture  of  masses  of  differently  colored  light 
is  equal  to  the  sum  of  the  intensities  of  the  separate  compo- 
nents, which,  so  far  as  I  know,  has  not  before  received  an  ex- 
perimental confirmation. 

Corresponding  measurements  were  made  with  a  ereen,  and 
its  complementary  purple  disc;  also  with  a  blue,  and  its  com- 
plementary yellow  disc ;  the  results  are  given  below. 

Luminosily.        Gray  (observed.)     Giaj  (calculated.) 

2S^";:;:::;:in.[ 
SE'bC:'.;-.::S:l8i 
&::::;:;:::::ti:S3'i 


Art.  IX. — The  Oeohgkal  Commission  of  BraziL     Additions  to 
the  Echinoid  fauna  of  Brazil;  by  RlCHARD  Rathbun. 

Though  the  Geological  Commission  has  busied  itself  in 
investigating  the  marine  fauna  at  almost  every  point  on  the 
coast  of  Brazil  where  its  labors  have  extended,  yet  in  a  group 
like  that  of  the  Echini^  the  diflFerent  shore  species  of  which  are 
so  readily  found  and  collected  by  all  travelers,  it  has  been  able 
to  add  very  little  that  is  new.  In  its  collections,  however,  are 
three  species  which  do  not  seem  to  have  been  recorded  from 
Brazil   before.     They  are:   Diadema  setosum  Gray,  Bipponoe 


IL  Rathbun — Echinoid  fauna  of  BraziL  88 

escuknia  A.  Agassiz,  and  MeWta  sexforis  A.  Agassiz.  According 
to  Mr.  Alex.  A^ssiz  in  his  "Revision  of  the  Echini/'  the  first 
mentioned  species  is  almost  world-wide  in  its  distribution,  oc- 
curring in  the  seas  between  North  and  South  America  and 
Mexico,  amonff  the  West  Indies,  the  islands  off  the  northwest 
of  Africa,  and  also  in  many  places  in  the  Pacific  ami  Indian 
Oceans.  We  cannot  yet  record  it  from  the  mainland  of  Brazil, 
but  it  was  found  in  great  abundance  by  Mr.  J.  C.  Branuer,  on 
the  shores  of  the  island  of  Fernando  de  Noronha,  situated  nearly 
200  miles  to  the  northeast  of  Cape  St  Roque. 

The  second  species,  Hipponoe  esculenta,  was  obtained  by  Mr. 
Branner  from  the  same  locality  and  also  from  the  mouth  of  Rio 
Formoso,  about  twenty  miles  south  of  Cape  St.  Agostinho,  in 
the  province  of  Pernambuco.  In  its  previously  known  range,  as 
recorded  by  Mr.  Agassiz,  it  was  limited  to  the  main  shores  and 
islands  of  the  seas  between  Nort.h  and  South  America,  and  to 
the  Bermudas. 

The  third  and  last  species  mentioned,  Mefliia  tfexforis,  was 
dredged  from  the  shallow  water  inside  of  Fort  Villegagnon,  in 
the  harbor  of  Rio  de  Janeiro,  by  Professor  E.  Selenka,  who  has 
kindly  presented  the  Commission  with  several  specimens.  They 
are  very  numerous  in  this  one  locality,  but,  so  far  as  we  know, 
have  not  been  obtained  from  any  other  part  of  Brazil.  Of  this 
species^  Mr.  Alex.  Agassiz  says  that  it  has  a  great  range  in 
depth,  from  shallow  water  to  270  fathoms,  but  has  not  been 
found  over  an  extended  geographical  area,  as  it  has  been  re- 
corded from  the  southern  United  States,  the  West  Indies  and 
Bermudas,  only. 

In  addition  to  the  two  species  above  mentioned  from  Fer- 
nando de  Noronha,  there  were  obtained  from  the  same  locality 
three  other  species  already  known  from  the  coast  of  Brazil : 
Cidaris  tribuloides  BL,  Echinometra  suhangulai-is  Desml.,  and 
Ihxopneusles  variegatus  A.  Agassiz.  Cidaris  tribuloides^  though 
very  rare  indeed  along  the  coast  of  Brazil  and  represented  in 
the  collection  of  the  Commission  from  there  by  onl  y  a  few  frag- 
ments, was  exceedingly  abundant  at  Fernando  de  Noronha,. 
occurring  there  in  thousands.  It  never  seems  to  attain  the  size 
of  the  specimen  from  Cape  Verde  Isles,  figured  by  Agassiz  (op. 
cit,  pL  Irf),  and  varies  much  in  the  length  and  strength  of  the 
spines,  which  are  usually  more  or  less  overgrown  with  calcare- 
ous sea  weeds.  Though  Fernando  de  Noronha  is  not  200  miles 
distant  from  the  main  coast,  yet  there  intervenes  a  great  depth 
of  water,  as  ascertained  by  recent  exploration  ;  the  marine  fauna 
of  the  island,  however,  seems  to  be  very  similar  to  that  of  the 
coast 

The  following  list  probably  contains  all  the  littoral  species 
of  Echini  at  present  known  from  Brazil,  all  of  which,  with  the 
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exception  of  Strongyhcentrotus  Gaimardt  A.  Agassiz,  have  been 
foand  bj  the  Geological  Commission.  The  localities  at  which 
they  were  obtained  are  so  nearly  those  recorded  by  Mr.  Alex. 
Agassiz  in  his  Revision  of  this  group,  that  it  would  be  of  no 
value  to  enumerate  them  again  here.     The  species  are  as  follows : 

Oidans  tribuioides  BL,  Bipponoe  esculenta  A.  Aga88iX| 

Arbaeia  puatuhsa  Gray,  Clypeaattr  9ubdepre89tt$  £.  AgMrii^ 

JHadema  Mtomm  Gray,  MeUiia  te$tadmata  Klein, 

JSchinometra  tubangularis  DesmL,  MeUtta  ses^oria  A.  Agiaaiii 

Stronffylocentroku  Oaimardi  A.  Agassiz,  Encope  emarffiiuUa  L.  Agauis. 
Jbaoopneustes  variegatua  A.  Agassiz, 

It  has  been  noticed  that  MeUiia  testudinata  is  brilliantly  phos- 
phorescent at  times,  when  it  has  been  removed  from  the  water 
for  a  few  hours,  though  it  be  still  wet  and  apparently  alive 
The  phosphorence  is  very  apparent  over  the  entire  body.  lam 
indebted  to  Mr.  Alex.  Agassiz  for  kindly  examining  and  veri- 
fying the  determinations  of  a  collection  of  the  above  JEckini 
sent  to  the  United  States,  excepting  MeUiia  sex/oris^  which  has 
been  found  only  very  recently. 


Art.  X. —  Undulations  observed  in  the  tail  of  Ooggia's  Comely 

1874 ;  by  L.  Tkouvelot. 

On  the  evening  of  July  21,  1874,  at  9*>  0"»,  the  moon  being 
in  her  first  quarter,  and  tne  sky  remarkably  clear  even  close  to 
the  horizon,  my  attention  was  attracted  by  a  bright  ray  of  light 
darting  from  toe  northwestern  horizon^  way  up  in  the  constel- 
lations. Taking  it  for  an  auroral  phenomenon,  I  went  in  for 
the  spectroscope  ;  but  on  my  return,  after  a  few  seconds,  to  my 
disappointment  I  found  no  more  trace  of  it.  Soon,  however, 
it  reappeared,  and  darted  up  in  an  instant  after  the  manner  of 
certain  auroral  ravs,  and  vanished  again  after  ten  or  fifteen 
seconds.  I  then  became  aware  of  my  error,  and  found  with 
surprise  that  the  phenomenon  was  taking  place  in  the  tail  of 
Coggia's  Comet,  the  head  of  which  was  then  plunged  under 
the  horizon. 

During  the  whole  time  that  I  observed  this  interesting  phe- 
nomenon, I  saw  the  comet's  tail  shortening  and  extenaing, 
lightning  up  and  extinguishing  like  the  rays  of  certain  auroraa 
Extended  undulations,  rapid  vibrations,  ran  along  it  in  succes- 
sion from  the  horizon  to  its  extremity,  giving  it  the  appearance 
of  a  fine  gauze  wavering  in  a  strong  breeze.  The  pulsations 
and  the  waves  of  light  were  of  unequal  duration ;  some  being 
rapid,  while  others  lasted  a  longer  tima  For  over  one  hour 
the  comet's  tail  kindled  and  extinguished  more  than  one  hun- 
dred times ;  the  extinction  being  sometimes  so  complete  that 
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it  was  impossible  to  see  any  trace  of  the  comet;  while  some- 
times  it  oeeame  so  bright,  that  in  spite  of  the  light  of  the 
moon,  it  could  be  distinguished  easily  in  all  its  contours,  even 
to  its  very  extremity,  which  was  then  a  little  to  the  south  of 
y  Ursas  Majoris. 

Be  it  coincidence  or  not,  at  the  moment  that  this  phenomenon 
was  occurring,  a  strong  ma^etic  perturbation  was  going  on  in 
Cambrid^^e,  where  the  decbnation  needle  oscillated  through  an 
angle  of  1^  27^  although  no  auroral  light  was  seen ;  and  by 
the  kindness  of  Mr.  Cleveland  Abbe,  of  the  Signal  Corps,  I 
learn  that  no  aurora  was  reported  for  that  night 

It  is  not  a  new  thing  to  see  vibrations  and  pulsations  run- 
ning along  the  tail  of  comets.  Many  observers  have  seen  this 
[phenomenon;  among  others  Longomontaniis,  Yandelin,  Snel- 
ias  and  Father  Cysat,  who  are  reported  to  have  seen  undula- 
tions taking  place  on  the  border  of  the  Comet  of  1618,  as  if  it 
was  agitated  by  the  wind.  Hevelius  observed  analogous  mo- 
tions in  the  Comets  of  1652  and  1661.  Pingr^  asserted  that  he 
distinctly  saw  in  the  long  tail  of  the  Comet  of  1769,  **des 
ondulations  semblables  ^  celles  que  les  aurores  bor6ales  prd- 
sentent"*  According  to  Winnecke,  from  the  5th  to  the  12th 
of  October,  1858,  the  rays  forming  the  superior  part  of  Donati's 
comet  spread  and  contracted  suddenly  like  the  rays  of  the 
aurora. 

Ounbridge,  Jan.  6,  1877. 


Art.  XL — Sudden  extinction  of  the  light  of  a  SoUir  Pf'otuberance  ; 

by  L.  Trodvelot. 

On  the  26th  of  June,  1874,  while  making  my  daily  observa- 
tions of  the  sun  with  the  spectroscope  at  the  Harvard  College 
Observatory,  1  saw  an  unusual  phenomenon,  which  may  be 
worth  recording.  The  narrow  slit  of  the  instrument  was  di- 
rected on  the  preceding  side,  about  270°,  just  above  a  group  of 
spots  which  was  then  very  near  the  limb,  when  I  saw  a  bril- 
liant protuberance  partly  projected  on  the  spectrum,  on  the  side 
of  the  rays  of  less  refrangibility.  In  shape,  this  hydrogen  flame 
resembled  an  elongated  comma,  having  its  acute  extremity 
directed  toward  the  sun,  where  it  terminated  just  a  little  above 
the  chromosphera  The  chromosphere  under  this  protuberance 
formed  several  slender  and  acute  aigrette-shaped  flames,  none 
of  which,  however,  reached  it.  The  large  prominence,  which 
was  slightly  inclined  to  the  limb,  had  a  height  of  3'  37",  and 
about  8^  in  its  greatest  width. 

*  Arago,  Astro,  pop.,  yoL  ii,  p.  439,  Paris,  1866. 
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When  the  slit  was  set  wide  open,  so  as  to  allow  the  whole 
protuberance  to  be  seen  between  its  jaws,  the  comma-shaped 
flame  appeared  perfect,  and  showed  plainly  its  textura  But 
when  it  was  observed  with  a  narrower  slit  it  became  partly 
invisible  on  the  C  line;  only  a  short  and  jagged  portion  being 
seen  in  it  on  the  red  side.  When  the  slit  was  carried  along  the 
protuberance  by  means  of  its  screw,  the  portion  visible  on  the 
C  line  did  not  remain  constant,  but  either  extended  or  con- 
tracted of  a  small  c^uantity ;  the  maximum  portion  visible  on 
the  C  line  never  being  more  than  one-fourth  the  width  of  the 
slit,  while  sometimes  it  was  not  seen  at  all  on  this  line. 

The  portion  of  the  protuberance  projected  on  the  spectrum 
was  considerably  more  brilliant  than  the  spectrum  itself,  and 
about  one-third  only  of  its  whole  length  was  visibla  As  the 
slit  was  carried  alon^  it,  the  visible  parts  became  invisible  near 
the  C  line,  and  invisible  parts  appeared  on  the  spectrum;  and 
the  area  of  the  visible  portion  either  contractea  or  extended, 
when  seen  in  different  parte. 

I  had  been  observing  this  phenomenon  for  eight  or  ten  min- 
utes, when,  while  looking  at  it  with  the  slit  wide  open,  the  flame 
suddenly  vanished,  at  10*»  80"*,  no  traces  of  it  remaining.  As 
no  motion  of  any  kind,  no  extension,  no  contraction,  could  be 
perceived  before  or  at  the  moment  this  phenomenon  took  place, 
and  as  the  light  did  not  go  out  of  it  gradually,  bnt  as  suddenly 
as  a  flash  of  lightning,  it  does  not  seem  that  a  change  of  posi- 
tion was  the  cause  of  its  disappearance,  but  rather  because  the 
light  which  rendered  it  visible  abandoned  it  in  an  instant. 

According  to  theory,  this  protuberance  was  moving  rapidly 
awav  from  the  earth  at  the  moment  of  the  observation,  as  it 
was  projected  upon  the  less  refrangible  side  of  the  spectrum; 
yet  this  would  fail  to  explain  ite  sudden  disappearance,  since 
for  this  it  should  have  moved  out  of  sight  with  an  unconceiv- 
able velocity. 

For  over  half  an  hour  I  watched  attentively  the  same  spot  in 
expectation  of  seeing  the  flame  reappear;  employing  for  this  a 
narrow  and  a  wide  slit  in  succession,  but  with  entirely  negative 
results.  I  saw  no  more  traces  of  it,  although  the  small  aigrette- 
shaped  flames  of  the  chromosphere,  which  were  still  visible, 
indicated  the  exact  place  where  it  had  vanished,  and  where 
very  probably  it  still  existed,  but  now  as  a  dark  protuberance. 

On  several  occasions  I  have  seen  the  light  abandon  a  protu- 
berance gradually,  but  never  so  suddenly  and  on  such  a  grand 
scale ;  and  sometimes  I  have  seen  also  the  light  gradually  illu- 
minating protuberances  which  were  invisible  before,  something 
after  the  manner  of  clouds  in  our  atmosphere,  lighting  up  ana 
fading  into  darkness  by  the  appearance  or  disappearance  of  the 
sun.     Of  course,  the  illumination  of  dark  solar  protuberances 
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cannot  be  conceived  as  being  due  to  the  reflection  of  light,  as' 
in  the  case  of  the  clouds  in  our  atmosphere :  it  is  the  protuber- 
ance itself  which  is  rendered  luminous  by  some  change  taking 
place  in  it  These  observations  would  seem  to  indicate  that  on 
the  san  there  are  sometimes  dark  and  non-luminous  protuber- 
ances, which  may  cause  the  spots  of  absorption  often  observed 
in  the  vicinity  of  spots. 

The  phenomenon  of  the  gradual  illumination  of  a  protuber- 
ance was  observed  in  1869,  at  Des  Moines,  Iowa,  during  the 
total  eclipse  of  the  sun,  by  Professor  William  A.  Rogers,  who 
accompanied  Dr.  C.  H.  F.  Peters,  on  the  Litchfield  Eclipse  Ex- 
pedition. Professor  Rogers  was  observing  a.  large  protuber- 
ance on  the  sun  with  a  9-inch-aperture  refractor,  when  he  saw 
several  protuberances  form  gradually  in  the  vicinity  of  the 
large  flame,  and  at  a  considerable  height  above  the  chromo- 
sphere. 

The  projection  of  the  hydrogen  flames  on  the  spectrum  is 
not  a  very  rare  phenomenon  during  the  period  of  maximum  of 
son-spots^  and  it  has  been  observed  several  times.  However, 
it  may  be  worth  while  to  record  a  characteristic  case  of  projec- 
tion, accompanied  with  remarkable. changes  of  form,  and  a  visi- 
ble motion  of  the  protuberance. 

On  Sept  10th,  1872,  at  12»»  33",  I  was  observing  a  small  nar- 
row flame  forming  an  arch  on  the  chromosphere,  the  height  of 
which  was  eqaal  to  36^'.  Nothing  remarkable  was  to  be  seen 
in  this  protuoerance,  although  it  was  in  the  vicinity  of  a  group 
at  spots  w)}ich  was  then  very  near  the  eastern  limb  of  the  sun  ; 
but,  two  minutes  later,  one  of  the  extremities  of  the  arch  lepos- 
ing  on  the  chromosphere  was  suddenly  detached  from  the  limb, 
springing  up  like  a  distended  bow,  ascending  in  an  instant  to  a 
height  of  70",  then  appearing  straight  and  rigid,  but  twisted 
like  a  rope.  For  a  few  seconds,  it  continued  to  ascend,  at  the 
same  time  growing  wider;  and  at  12*»  37^",  it  had  attained  its 
maximum  altitude  of  118''.  It  was  then  slightly  curved.  At 
12*»  43"*,  the  force  which  had  carried  it  up  began  to  give  way, 
and  it  then  descended  rapidly  toward  the  sun,  folding  upon 
itself  in  two  places,  while  at  the  same  time  it  became  narrower. 
At  12^  45",  it  had  reached  its  former  height;  and  soon  after  it 
sank  to  a  level  with  the  chromosphere  and  was  lost  in  it 

At  the  same  instant  that  the  arc  of  hydrogen  was  distended, 
it  was  seen  projected  on  the  spectrum  opposite  the  sun,  to- 
wards the  violet  The  figure  of  this  protuberance  appeared 
exactly  the  same,  whether  it  was  projected  on  the  spectrum  or 
seen  between  the  wide-open  jaws  of  the  slit  However,  when 
the  slit  was  narrow,  the  flame  became  invisible  on  the  C  line, 
although  it  remained  projected  on  the  spectrum.  When  the 
protuberance,  after  having  reached  its  greatest  altitude,  de- 
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Bcended  rapidly  toward  the  sun,  it  remaiDed  projected  on  the 
spectrum  just  as  before,  although  the  descending  motion  was 
apparently  in  a  contrary  direction  to  the  ascending  one ;  bol 
this  did  not  seem  to  affect  the  position  of  the  6ame  on  the  spec* 
trum. 

Cambridge,  Januaiy  12,  187t. 


Art.  XIL — The  Moon's  Zodiacal  Light;  by  L.  Trouvklot. 

During  the  evening  of  April  8,  1874,  the  "  Zodiacal  Light" 
was  particularly  brilliant ;  especially  close  to  the  horizon,  where 
it  appeared  as  a  segment  of  a  circle,  having  an  irregular  wavy 
outline,  giving  it  a  vague  resemblance  to  the  beams  of  a  &int 
aurora.  Although  the  sky  was  clear,  it  was  found  impossible 
to  observe  with  the  telescope  on  that  night,  on  account  of  the 
great  disturbance  of  the  atmosphera  At  9^  46°>,  the  declina- 
tion needle  indicated  a  very  strong  magnetic  perturbation  in 
Cambridge,  oscillating  through  an  an^e  of  8°  22^  However, 
no  aurora  was  visible  at  this  time,  although  the  phenomena 
usually  attending  them  were  manifested  during  the  evening  by 
the  tremulous  appearance  of  the  telescopic  images. 

While  going  home,  I  remarked  in  the  east  a  strange  conical 
light  rising  obliquely  from  the  top  of  the  roof  of  a  building, 
behind  which  the  moon,  then  about  15°  or  20**  above  the 
horizon,  was  concealed  from  view.  By  going  avfa^  from  the 
buildijig,  the  conical  light,  which  closely  resembled  the  tail  of 
a  comet,  became  brighter  and  brighter  as  it  approached  the 
moon,  upon  the  western  limb  of  which  it  rested.  The  base 
was  at  least  as  wide  as  the  diameter  of  the  moon;  but  it  ex- 
tended beyofid,  on  each  side,  by  a  fainter  light,  which  graduallv 
vanished  m  the  sky.  The  extension  of  this  luminous  append- 
age I  estimated  to  be  equal  to  eight  or  ten  times  the  moon's 
diameter.  It  was  not  readily  visible  when  the  moon  was  in 
sight,  as  the  brilliant  light  of  our  satellite  overpowered  its  dim 
brilliancy.  The  axis  of  this  appendage  was  found  to  be  coin- 
cident, or  nearly  so,  with  the  ecliptic ;  and  its  line  prolonged 
in  the  west  passed  a  little  to  the  north  of  Jupiter. 

The  phenomenon  had  been  observed  for  about  fifteen  min- 
utes, wlien  it  gradually  faded  away  until  it  almost  totally  dis« 
appeared  five  minutes  later,  although  the  sky  was  clear.  A 
quarter  of  an  hour  after,  the  sky  was  overcast  with  dense 
vapors,  which  continued  for  nearly  an  hour. 

At  ll**  0"*  the  sky  had  cleared  up,  and  the  moon  shone 
brightly.  The  luminous  appendage  was  still  visible,  and  even 
appeared  more  brilliant  than  before.     In  order  to  ascertain 
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whether  this  appendage  was  visible  only  on  one  side  of  the 
moon,  or  if  it  was  seen  on  the  other  side,  I  went  under  the 
piazza  of  my  house,  and  placed  myself  in  such  a  position  as 
to  have  the  moon  concealed  by  its  upper  part,  the  sky  below 
being  visible.  As  I  expected,  a  similar  appendage  was  ob- 
served on  the  eastern  side  of  the  moon,  exaclly  opposite  the 
western  one;  the  axis  of  both  wings,  passing  through  the 
moon's  center,  being  in  the  plane  of  the  ecliptic. 

Although  at  this  moment  no  auroral  lignt  was  seen  in  the 
north,  yet,  up  in  the  zenith,  there  were  evident  signs  of  it,  as 
luminous  vapors  assembled  there  and  rapidly  dissolved, 
arranging  themselves  into  bands  radiating  from  a  center  after 
Uie  manner  of  the  crown  of  bright  auroras.  At  11^  20<°,  all 
traces  of  the  luminous  vapors  in  the  zenith  had  vanished ;  and 
at  the  same  time  the  appendages  of  the  moon  were  almost 
totally  invisible,  although  the  sky  remained  clear. 

The  foct  that  the  zodiacal  light  had  been  unusually  brilliant 
daring  this  evening,  and  that  the  two  luminous  appendages  of 
Uie  moon  resembled  it  in  shape  and  appearance,  and  were  situ- 
ated in  the  same  plane,  seems  to  indicate  that  the  two  phenom- 
ena are  of  the  same  order;  while  the  magnetic  perturbation 
and  the  auroral  phenomena  connected  with  the  variation  of 
brightness  observed  in  the  moon's  appendages  would  seem  to 
indicate  some  kind  of  connection  between  the  zodiacal  light 
and  the  aurora.  The  result  of  my  observations  of  the  zodiacal 
light  and  the  aurora  during  the  last  seven  years  also  seems  to 
indicate  some  such  connection,  as  when  the  zodiacal  light  was 
observed  to  be  particularly  bright,  it  has  generally  been  fol- 
lowed by  auroral  phenomena.  But  only  a  long  series  of  obser- 
vations in  this  direction  can  solve  the  problem. 

AuBbridge,  Not.  2,  1877. 


Art.    XIEL — Chemical  JSquivalents   and  Atomic   Weights  con- 
sidered as  bases  of  a  system  of  Notation  ;  by  C.  Marignac. 

(TraDflUted  from  Moniteur  Sdentifique  of  QuesDeville  for  September,  1877,  by 

Mr.  P.  Casamajor.) 

Thk  Academy  of  Sciences  of  Paris  has  witnessed  lately,  at 
several  of  its  sittings,  an  interesting  discussion,  in  which  sev- 
eral eminent  chemists,  among  its  members,  have  taken  part.* 
This  discussion  related  to  two  questions  which  have  often 
been  brought  before  it,  and  which  will  probably  be  brought 
before  it  again  man^  times. 

One  subject  of  discussion  was  a  principle,  stated  in  1811  by 

*  Messrs.  Sainte  Claire  Deville,  WQrtz,  Berthelot,  Fiaeau. 
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an  Italian  philosopher,  Avogadro,  on  the  eguality  of  the  mole- 
cules of  all  bodies  in  a  gaseous  state.  This  principle  is  often 
placed  in  opposition  to  the  law  of  Gay  Lussac,  on  the  simple 
relations  which  exist  between  volumes  of  gases,  capable  of  com- 
bining with  one  another,  which  law  was  established  a  few  years 
before,  and  which,  to  tell  the  truth,  is  not  in  contradiction  with 
the  hypothesis  of  Avogadro.  From  this  question  arose  another, 
on  the  relative  merits  of  the  chemical  notations,  expressed  in 
equivalents  or  in  atoms. 

For  the  present,  I  will  not  discuss  the  first  of  these  questions. 
The  truth  of  the  principle  of  Avogadro  can  only  be  admitted 
on  the  condition  of  supposing  that  the  atoms  of  simple  gases 
cannot  exist  in  a  free  state,  but  are  welded  together  in  pairs, 
forming  molecules  occupying  two  volumes,  like  the  molecules 
of  compound  bodies.  Exceptions  should  be  made  for  mercury 
and  cadmium,  whose  molecules  are  formed  of  only  one  atom, 
and  for  phosphorus  and  arsenic,  whose  molecules  must  contain 
four  atoms. 

This  hypothesis  is  not  absurd  in  itself.  It  may  account  for 
certain  chemical  facts,  such,  for  instance,  as  the  greater  energy 
of  action  that  bodies  possess  in  a  nascent  state,  or  before  their 
atoms  have  combined  two  by  two  to  form  molecules;  also  for 
the  ease  with  which  certain  reactions  take  place,  as  pointed  out 
by  M.  Wiirtz.  It  also  explains  several  physical  facts,  such  as 
the  equality  of  specific  heat  for  the  same  volume  of  simple  or 
compound  gases,  whose  molecule  is  formed  of  two  atoms,  as 
carbonic  oxide,  hydrochloric  acid.  It  found  lately  an  important 
confirmation  in  the  researches  of  Messrs.  Kundt  and  Warburg* 
on  the  specific  heat  of  vapor  of  mercury,  which  show  that  this 
heat  agrees  with  the  mechanical  theory  of  heat  for  monatomic 
gases,  and  that  this  agreement  does  not  exist  for  other  simple 
gases.  We  must  acknowledge,  however,  that  these  considera- 
tions do  not  constitute  suflScient  proofs. 

On  the  other  hand,  there  are  some  compound  bodies  whose 
vapor  densities  are  in  contradiction  with  tne  principle  of  Avo- 
gadro. We  should  be  forced  to  admit  that  all  these  compounds 
suflFer  decomposition  when  they  seem  to  be  reduced  to  vapor, 
so  that,  instead  of  measuring  their  volume,  we  measure  that  of 
their  elements,  or  of  the  products  of  their  decomposition. 
Although  this  decompositipn  has  been  ascertained  in  some 
cases,  it  has  not  in  all. 

As  may  be  seen,  the  principle  of  Avogadro  gives  rise  to 
serious  obiections,  and,  without  being  convinced  of  its  worth- 
lessness,  like  my  eminent  friend,  M.  Deville,  I  acknowledge 
that  it  is  as  yet  but  an  hypothesis,  in  contradiction  with  facts, 
which  have  not  been  satisfactorily  explained.     But,  I  repeat 

*  Berichte  der  deutschen  Chemiachen  GtoseUschaft,  18t6,  p.  946. 
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it,  I  have  do  wish  to  enter  into  this  discussion  at  prasent,  as  it 
would  require  to  be  extensively  developed,  and  it  can  only  be 
definitely  settled  bv  long  and  difficult  experiments.  I  nave 
recalled  this  discussion  because  its  solution  roust  exert  a  certain 
influence  on  chemical  notations,  although  the  connection  be- 
tween the  two  questions  is  not  necessarily  very  close. 

A»  to  the  best  system  of  notations,  it  may  be  necessary  to 
explain  why  such  a  question  is  raised  and  can  only  be  raised 
in  France.  In  every  other  country  the  question  has  solved 
itself  gradually,  as  chemists  have,  one  after  another,  accepted 
the  atomic  notations,  and  given  up  the  formulas  by  equivalents 
in  their  writings  and  in  their  teachings*  In  this  gradual 
manner,  in  almost  every  country,  by  the  successive  assent  of 
the  great  majority  of  chemists,  atomic  formulas  have  been  sub- 
stituted for  the  others  without  any  formal  struggle.  In  France, 
however,  it  has  been  very  different.  I  am  not  aware  whether 
the  regulations  of  the  (Jniversityf  forbid  a  professor  from 
adopting  the  method  of  instruction  which  he  thinks  best,  or 
whether  teachers  adopt  a  uniform  system  from  the  belief  tuat 
otherwise  their  pupils  would  be  placed  in  a  relatively  inferior 
position,  if  they  did  not  adopt  the  system  most  in  favor  with 
examiners;  at  any  rate,  such  an  important  change,  as  the  intro- 
duction of  a  system  of  chemical  notation,  can  only  be  generally 
introduced  when  it  has  been  judged  necessary,  not  only  by  the 
majority  of  teachers,  but  also  by  the  Superior  Councils,  which 
govern  the  University,  and,  in  these,  chemists  are  not  the  only 
persons  who  have  influence.  It  is  easily  understood  that, 
under  these  conditions,  the  partisans  of  both  systems  wish 
to  have  them  discussed  in  the  presence  of  the  scientific  body 
which  has  the  greatest  authority,  with  the  object  of  maintaining 
the  established  system,  or  of  introducing  the  other. 

To  enter  into  this  discussion,  it  is  doubtless  advisable,  in  the 
first  instance,  to  detine  what  is  understood  by  these  equivalents 
and  these  atomic  weights,  which  are  placed  in  opposition  to 
one  another. 

As  to  equivalents,  I  see  that  M.  Berthelot  tells  us  that 
"their  definition  is  a  clear  conception."  Unfortunately  he 
did  not  give  this  definition,  and  I  confess  that  I  do  not  know 
of  any,  at  least  of  any  that  is  precise  and  general.  Doubtless 
when  we  compare,  with  one  another,  elements,  such  as  chlorine, 
bromine  and  iodine,  the  definition  of  their  relative  equivalents 
is  perfectly  clear,  as  the  term  equivalent  is  its  own  definition. 
But   when    we  deal  with    bodies  which  have   not  a   similar 

*  Fresenins  still  oonaidera  the  formulas  in  equivalents  as  the  best. — Tranalaior, 

f  Tbe  entire  educational  sjrstem  of  France  is  consolidated  under  one  organiza- 

tioB.  caDed  the  Uniyersitj,  comprising  faculties  of  letters,  medicine,  law  and 

theology,  lyc6e$  for  secondary  instruction  and  schools  of  primary  instruction. — 

Tramdator, 
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analogy,  and  particularly  if  tbey  do  not  perform  the  same 
functions,  the  idea  of  equivalence  has  no  meaning.  I  defy 
anybody  to  give  a  general  definition  of  equivalents  which 
justifies  the  weight  14,  adopted  for  nitrogen.  In  volame,  it 
corresponds  to  the  equivalents  of  hydrogen  and  of  chlorine, 
but  it  has  not  the  same  chemical  value.  It  has  the  same 
chemical  value  as  the  equivalents  of  phosphorus  and  arsenic, 
but  it  does  not  occupy  the  same  voluma  Moreover,  it  cor- 
responds neither  in  volume  nor  in  chemical  value  to  the 
equivalents  of  oxygen,  of  sulphur  and  of  most  metals.  Why 
then  should  this  number  exist? 

If,  instead  of  starting  from  a  general  definition,  which  does 
not  exist,  we  try  to  find  the  meaning  of  equivalents  in  the 
methods  employed  in  determining  them,  we  are  led  to  the 
following  conclusion : 

It  is  proved  by  experience  that  we  may  assign  to  a  body,  be 
it  simple  or  compound,  various  weights,  multiples  of  the  same 
number,  and  that  these  weights  express  the  proportions  accord- 
ing to  which  all  bodies  combine  with  one  another.  We  may 
choose  one  of  these  weights  to  express  the  equivalent  of  the 
body.  All  combinations  may  then  be  represented  as  the 
union  of  a  certain  number  of  equivalents  of  the  elements, 
and,  if  the  equivalent  is  represented  by  a  symbol  (in  general 
the  first  letter  of  the  name  of  each  element),  combinations  may 
be  represented  bv  formulas  which  are  not  generally  compli- 
cated. This  is,  after  all,  the  only  condition  required  of  equiv- 
alents, and  hence  the  only  general  definition,  although  not 
very  precise,  which  can  be  given  is  that  the  equivalent  repre- 
sents for  every  element  or  compound  ,body  one  of  the  weights 
which  may  combine  with  other  equivalents.  Theoretically 
it  matters  little  which  of  the  weights  is  chosen.  Practically, 
however,  one  of  the  weights  is  preferred,  taking  as  a  guide 
one  of  the  following  rules,  which  cannot  be  considered  as  very 
rigid,  as  they  do  not  all  lead,  in  all  cases,  to  the  same  result : 

1.  When  Dodies  are  analogous,  and  have  the  same  chemical 
character,  their  equivalents  are  represented  by  the  weights 
which  replace  each  other  in  analogous  combinations.  Let  us 
note,  however,  that  this  rule  is  not  followed  for  compound 
bodies,  such  as  bases  and  acids,  whose  so-called  equivalents 
are  weights  which  often  have  very  diflTerent  values  of  com- 
bination, and  we  are  thereby  led  to  very  singular  anomalies 
of  statement,  such  as  these;  two  equivalents  of  alumina  corre- 
sponds to  three  equivalents  of  magnesia;  one  equivalent  of 
phosphoric  acid  to  three  of  nitric  acid,  &c.  In  reality  the 
fundamental  principle  of  equivalents  has  been  entirely  aban- 
doned for  compound  bodies,  and,  in  its  stead,  a  method  has 
been   adopted,    which   has  been   borrowed  from   the  atomic 
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theory,  by  taking  for  their  weights  the  sum  of  the  equivalents 
of  the  elements  which  they  contain. 

I  believe  T  am  not  in  error  when  I  affirm  this,  as  M.  Ber- 
thelol*8ays:  "One  equivalent  of  phosphoric  acid  corresponds 
to  three  equivalents  of  nitric  acid,  wnen  it  forms  a  tribasic 
phosphate. 

2.  Equivalents  are  chosen  in  such  a  way  that  compounds, 
which  oflFer  the  greatest  analogies,  are  represented  by  similar 
formulas.  This  principle  served  as  a  guide  in  determining  the 
equivalents  of  aluminum  and  of  copper.  It  is  often  in  contra- 
diction with  the  preceding.  For  instance,  aluminum  and  mag- 
nesium, which  are  both  powerful  deoxidizing  agents,  do  not 
replace  each  other  in  the  proportions  indicatt^  by  the  equiva- 
lents adopted  for  these  two  metals. 

8d.  Wnen  neither  of  these  rules  is  applicable,  or  when  they 
lead  to  complicated  formulas,  the  equivalent  of  a  body  is  chosen 
in  such  a  way  as  to  give  the  simiplest  possible  formulas  for  its 
most  important  combinations.  This  rule  justifies  the  adoption 
of  the  equivalents  of  nitrogen,  phosphorous,  arsenic  and  of  some 
other  elements. 

We  may  see  by  the  above  that  the  equivalents  constitute  a 
purely  conventional  and  arbitrary  system,  without  any  scien- 
tific value. 

The  explanation  I  have  ^ven  of  equivalents  is  somewhat 
diflferent  from  that  which  my  illustrious  teacher,  M.  Dumas,  gave 
in  his  lessons  of  chemical  philosophy.  This  eminent  chem- 
ist took  as  his  starting  point  the  equivalents  of  bases,  as  deter- 
mined by  their  true  chemical  equivalence,  founded  on  the  same 
quantity  of  oxygen  contained  in  the  base.  The  equivalents  of 
acids  are  rigorously  deducted  from  the  weights  necessary  to 
neutralize  an  equivalent  of  base.  Afterwards,  he  seeks  to  es- 
tablish the  equivalents  of  the  elements  by  considerations  which, 
he  acknowledges,  are  often  arbitrary.  This  method  of  deter- 
mining equivalents  however,  has  been  either  never  adopted,  or 
entirely  abandoned,  doubtless  because  it  led  to  formulas  which 
are  inadmissible  I  have  given  the  meaning  of  equivalents, 
such  as  they  have  been  adopted,  and  not  such  as  they  might 
have  been. 

We  may  now  consider  the  definition  of  atomic  weights.  If 
the  precise  definition  of  eq^uivalents  is  impossible,  while  their 
determination  is  comparatively  easy,  for  they  are  adopted  by 
arbitrary  rules,  it  is  the  reverse  with  atomic  weights. 

*  Meetiiig  of  the  Acad^ie  des  Sciences  of  June  4th,  1877.  I  cannot  in  anj 
maimer  accept  what  he  sajs,  in  the  same  place,  that  this  eqtiiYalent  of  phosphoric 
acid  corresponds  to  one  equhralent  of  nitric  acid  in  monobasic  phosphates,  or  two 
•qoivaleiitB  in  hibasic  phosphates.  To  admit  such  expressions,  we  must  deny  to 
water  the  part  that  all  chemists  attribute  to  it  in  these  salts,  since  the  publication 
of  Graham's  researches. 
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If  we  refer  to  the  fundamental  hypothesis  of  the  atomic  theory, 
which  supposes  that  the  divisibility  of  bodies  is  not  indefinite, 
but  that  tney  are  formed  by  the  agglomeration  of  excessively 
small  but  indivisible  particles,  or  atoms,  the  theoretical  defini- 
tion of  atomic  weights  is  of  the  simplest,  as  they  are  the  relative 
weights  of  these  ultimate  particles.  But,  however  simple  the 
definition  may  be,  the  determination  of  the  weights  is  sur- 
rounded with  great  difficulties. 

The  hypothesis  of  the  existence  of  atoms  accounts  in  such  a 
simple  manner  for  that  of  chemically  equivalent  proportions  for 
elements  which  play  the  same  part,  that  we  are  naturally  led, 
at  first  sight,  to  consider  these  proportions  as  representing  their 
relative  atomic  weights,  although  this  consequence  is  not  rigor- 
ously necessary.  It  is  evident,  however,  that  as  neither  this 
consideration  of  chemical  equivalence,  nor  any  other  considera- 
tion drawn  from  chemistry  alone,  has  led  to  a  complete  and 
lojrical  system  of  chemical  equivalents,  we  cannot  by  such  con- 
siderations be  guided  in  the  choice  of  all  the  atomic  weights, 
and  as  these,  on  account  of  the  hypothesis  that  is  made  on  their 
nature,  cannot  be  arbitrary,  like  equivalents,  it  has  become 
necessary  to  study  the  physical  properties  of  the  elements  and 
of  compound  bodies  to  find  motives  for  this  determination  of 
the  atomic  weights.  Among  the  properties  which  can  be  ap- 
pealed to,  the  most  important  are  the  densities  of  gases  and 
vapors,  the  specific  heats  and  isomorphism. 

I  acknowledge  that  in  some  very  rare  cases  these  three  orders 
of  physical  properties  do  not  lead  to  the  same  result,  and  I  agree 
with  Mr.  Berthelot  that  between  these  three  data  we  must  make 
a  choice.  I  am,  however,  in  complete  disagreement  from  him 
in  the  conclusion  that  I  draw  from  this.  If  he  does  not  say  so 
expressly,  his  whole  argument  proves  that,  in  his  opinion,  no 
account  is  to  be  taken  of  these  physical  properties,  when  they 
disturb  the  usage  established  for  weights  tnat  have  been  adopted 
for  a  long  time  in  chemical  notations.  On  the  contrary,  I  think 
that  great  account  should  be  taken  of  these  physical  properties, 
and  that  when  they  all  agree  we  must  have  no  fear  of  modifying 
a  few  formulas  which  have  only  long  usage  in  their  favor,  par- 
ticularly if  the  necessary  modification  is  unimportant  If, 
moreover,  the  physical  properties  do  not  agree,  it  is  necessary 
to  study  the  facts  with  the  greatest  care,  and  see  if,  in  some 
cases,  a  disagreement  can  be  explained  and  then  choose  the 
weight  which  agrees  the  best  with  the  general  properties  of  the 
elements  and  its  combinations. 

Is  it  impossible  to  do  this  ?  The  best  proof  that  it  is  not,  and 
that  there  is  even  no  serious  difficulty  in  aetermiuing  the  atomic 
weight  which  aorrees  the  best  with  the  physical  properties,  is  to 
be  found  in  this  circumstance  that  there  is  no  disagreement 
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among  chemists,  who  accept  this  system  of  notation,  as  to  the 
atomic  weights,  except  for  a  few  bodies  that  are  not,  as  yet, 
sufficiently  known;  whose  physical  properties  have  not  been 
sufficiently  studied,  and  for  which,  besides,  the  idea  of  equiva- 
lents is  quite  as  uncertain  as  that  of  atomic  weights. 

I  am  perfectly  aware  that  the  majority  of  chemists,  who  have 
adopted  atomic  formulas,  believe  that  they  are  now  able  to  give 
a  rigorous  definition  of  atomic  weights.  Starting  from  mole- 
cules, which  they  define  as  the  smallest  quantity  of  a  body, 
simple  or  compound,  which  can  exist  in  the  state  of  liberty ; 
admitting  as  an  axiom  the  principle  of  Avogadro,  which  states 
the  equality  of  volume  of  all  molecules  in  a  gaseous  state,  from 
which  may  be  deducted  their  relative  weights,  they  define  the 
atom  as  the  smallest  quantity  of  a  body  which  may  enter  into 
the  composition  of  a  molecule.  This  definition  allows  them  to 
determine  the  atomic  weights  with  certainty,  at  least  for  those 
bodies  that  enter  into  volatile  combinations.  I  have  not  given 
great  weight  to  this  consideration  because,  not  more  than 
Messrs.  Deville  and  Berthelot,  do  I  regard  the  principle  of 
Avogadro  as  absolutely  demonstrated.  But  I  wish  it  to  be 
specially  noticed  that  there  is  not,  so  far  as  I  know,  a  single 
case  in  which  the  application  of  the  above  definition  of  atomic 
weight  has  been  used  to  change  an  atomic  weight  previously 
obtained  by  considerations  based  on  the  physical  properties. 
Perhaps  I  should  except  boron  and  silicon ;  but  the  atomic 
weights  of  these  elements  had  never  been  considered  as  firmly 
established,  nor  indeed  had  their  equivalents.  This  observa- 
tion might  be  appealed  to  as  the  strongest  proof  of  the  accuracy 
of  the  definition  of  atomic  weights,  but  I  have  no  wish  to  admit 
it,  as  constituting  a  sufficiently  sure  base  for  the  determination 
of  atomic  weights. 

I  have  here  to  answer  an  objection,  which  I  acknowledge  to  be 
serious,  and  which  I  believe  is  at  the  bottom  of  the  opposition 
of  M.  Berthelot  The  atomic  weights  rest  on  an  hypothesis 
which  has  never  been,  and,  in  fact,  can  never  be  demonstrated, 
which  many  scientific  men  do  not  consider  as  verisimilar,  that 
of  the  existence  of  atoms. 

I  am  nearly  ready  to  agree  with  M.  Berthelot  in  his  opposi- 
tion, and  I  have  certainly  no  idea  of  defending  the  atomic 
theoiTf  but  merely  the  chemical  notations  founded  on  the 
atomic  weights.  My  answer  to  the  objection  stated  above  is 
that  the  existence  of  atoms  is  only  useful  in  justifying  the 
name  of  atomic  weights^  which,  for  my  part,  I  would  very  will- 
ingly have  replaced  by  any  other.  1  know  of  no  case  in  which 
an  atomic  weight  has  been  determined  by  a  method  founded 
on  the  indivisibility  of  atoms;  consequently  we  may  consider 
atomic  weights  as  entirely  independent  of  this  indivisibility. 
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In  reality,  I  consider  atomic  weights,  and  I  believe  that  many 
chemists  agree  in  this,  as  being  only  equivalents,  in  the  deter- 
mination of  which  arbitrary  conventions  have  been  replaced 
by  scientific  considerations,  based  on  the  study  of  physical 
properties. 

Let  us  now  sum  up  the  advantages  that  atomic  notations 
present  from  this  point  of  view. 

For  the  elements,  in  the  first  place,  the  atomic  weights  repre- 
sent equal  volumes  of  all  simple  gases,  so  that  their  ratios  of 
combination  in  volumes  are  directly  expressed  by  atomic  form- 
ulas, while  the  formulas  in  equivalents  do  not  offer  this  advan- 
tage. This  law  presents  some  exceptions  for  vapors,  in  the 
cases  of  phosphorus,  arsenic,  mercury  and  cadmium,  but  tlie 
same  divergence  exists  for  equivalents. 

Atomic  weights  are  exactly  proportional  to  the  specific  heats 
of  simple  gases,  that  are  not  liquifiable,  which  agreement  does 
not  exist  for  e(j[uivalents.  According  to  the  law  of  Dulongand 
Petit,  the  speci6c  heats  of  the  atoms  of  all  simple  bodies,  either 
solid  or  liquid,  are  nearly  the  same,  except  for  three  bodies, 
carbon,  boron  and  silicon,  whose  physical  properties  oflFer 
numerous  irregularities,  and  in  which  the  specific  heat  varies 
with  the  temperature  in  a  manner  unknown  in  other  bodies. 
Equivalents  do  not  ofibr  this  concordance.  I  will  not  insist  on 
the  objection  raised  by  M.  Berthelot,  and  founded  on  this,  that 
the  equality  of  speci6c  heats  of  atoms  is  far  from  being  absolute, 
as  he  was  sufficiently  answered  by  MM.  Wiirtz  and  Fizeatu  I 
will  merely  add  that  if  we  only  admitted  physical  laws  that  are 
absolute,  we  should  have  to  reject  them  all.  Even  the  law  of 
volumes  of  Gay  Lussac  would  have  to  be  dropped,  as  it  has 
been  ascertainedf  that  all  gases  have  not  the  same  coefficient  of 
expansion,  so  that  the  existence  of  simple  ratios  in  combina- 
tions by  volume  are  not' strictly  accurate. 

As  to  compound  bodies,  the  molecular  formulas,  based  on 
the  use  of  atomic  weights,  present  the  same  advantages,  perhaps 
to  a  higher  degree,  when  we  compare  them  to  the  formulas  m 
equivalents. 

The  use  of  atomic  weights  allows  us  to  simplify  the  formulas 
of  a  great  number  of  compounds  by  dividing  them  by  two. 
Particularly  is  this  the  case  with  organic  compounda  Not 
only  does  the  formula  become  simpler,  but  there  is  an  impor- 
tant advantage  gained,  that  the  formulas  of  almost  all  com- 
pounds correspond  to  the  same  volume,  which  is  double  the 
volume  of  the  simple  atom.  The  only  exceptions  are  for  a 
very  limited  number  of  bodies,  generally  belonging  to  types  of 
complex  composition,  such  as  salts  of  ammonia  and  of  bases 
derived  from  ammonia ;  even  for  these  it  has  not  been  proved 
that  they  are  not  regulated  by  any  law,  even  if  M.  Deville  is 
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right  in  thinking  that  the  iri-egalarities  they  present  are  not  due 
to  the  decomposition  of  their  vapors.  On  tne  other  hand,  the 
formulas  b?  equivalents  teach  us  nothing  on  the  vapor  densi- 
ties of  compound  bodies,  as  their  equivalents  may  correspond 
to  two,  four  or  eight  volumes  of  vapor,  perhaps  even  of  six,  if 
the  old  equivalent  of  silicon  is  kept,  as  is  done  by  many  of 
those  who  prefer  the  notations  by  equivalents.  Molecular 
formulas  also  agree  with  the  specific  heats  of  compound  bodies 
in  the  solid  state.  According  to  the  law  of  Woestyn,  molecu- 
lar heats  are  proportional  to  the  number  of  atoms  contained 
in  the  molecule,  which  law  has  the  same  degree  of  approxima- 
tion as  that  of  Dulong  and  Petit  Formulas  by  equivalents  do 
not  show  these  properties. 

Finally,  the  system  of  notation,  based  on  atomic .  weights, 
gives  the  explanation  of  several  cases  of  isomorphism  which 
are  incomprehensible  with  the  notation  based  on  equivalents. 
For  instance,  in  the  case  of  perchlorates  and  permanganates, 
and  in  the  case  of  chloride  and  sulphide  of  silver  when  com- 
pared to  protochloride  and  protosulphide  of  copper.  I  may 
also  recall  that  it  was  by  considerations  of  the  same  kind  that 
I  was  led  to  discover  oxygen  in  fluorine  compounds  of  niobium, 
where  its  presence  had  not  been  suspected,  and  that  the  formu- 
las of  these  compounds,  expressed  in  equivalents,  would  never 
have  suggested  this  idea. 

In  presence  of  these  advantages,  we  may  ask :  what  are 
tliose  that  are  offered  by  the  system  of  equivalents  and  its 
resulting  notation?    I  believe  I  can  indicate  two. 

In  the  first  place,  as  the  system  is  conventional,  it  does  not 
of  itself  contain  any  necessary  reason  for  changes,  and  it  may 
remain  invariable.  As  there  was  no  serious  motive  for  choosing 
the  number  fourteen  as  the  equivalent  of  nitrogen,  rather  than 
seven,  which  would  have  given  it  the  same  volume  as  oxygen, 
or  -^  which  would  have  accounted  for  its  value  of  combination 
toward  hydrogen  and  the  metals,  we  may  readily  believe  that 
there  will  never  be  a  sufficient  motive  to  replace  it  by  one  of 
these  numbers.  The  determination  of  equivalents  not  being 
governed  by  any  fixed  rule,  they  will  not  be  necessarily  modi- 
fied when  we  come  to  have  a  more  accurate  knowledge  of  the 
properties  of  bodies. 

In  the  second  place,  as,  in  their  determination,  no  account  is 
taken  of  the  physical  properties  of  bodies,  greater  attention  can 
be  given  to  their  chemical  equivalence,  when  it  exists.  This 
presents  some  advantages  in  practical  chemistry. 

These  considerations  are  doubtless  of  some  value ;  but  if  we 

examine  things  a  little  closer,  we  may  easily  see  that,  in  this 

respect,  tliere  is  really  very  little  difference  between  the  two 

systems. 

Ax.  Jour.  Sci.— Third  Sbribs,  Vol.  XV,  No.  86.— Fkb.,  1878. 
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It  is  trae  that  there  was  a  time  when  atomic  weights 
had  to  be  changed,  and  it  is  doubtless,  on  this  account,  that 
atomic  weights  were  dropped  and  equivalents  adopted.  Never- 
theless, the  history  of  chemistry  shows  that  for  more  than 
thirty  years  no  changes  have  been  judged  necessary  for  well 
known  bodies,  and  that  those  which  have  been  admitted  for 
elements,  whose  properties  or  whose  combinations  had  previ- 
ously been  imperfectly  known,  were  so  thoroughly  justified  by 
their  chemical  properties,  that  even  the  equivalents  of  these 
bodies  have  had  to  be  modified.  Such  was  the  case  for  bis- 
muth, uranium,  vanadium,  tantalum  and  niobium.  In  reality, 
the  only  important  change  that  atomic  weights  have  had  to 
suffer,  since  their  introduction  in  chemical  science,  has  been  the 
reduction  to  half  of  the  weights  of  silver  and  of  the  alkaline 
metals,  a  reduction  based  on  their  specific  heat  in  the  solid 
state ;  on  the  specific  heat  of  their  combinations,  or  on  isomor- 
phism as  was  done  in  the  first  instance  by  M.  BegnaulL*  We 
may  see  by  this  that,  on  the  score  of  invariability,  the  two 
systems  are  on  a  par. 

As  to  the  advantage  which  results  from  the  fact  that  equiva- 
lents express  ratios  of  real  chemical  equivalence,  in  cases 
where  they  are  not  indicated. by  atomic  weights,  it  would  be 
an  important  one  if  chemical  equivalence  were  indicated  in  all 
cases ;  but  we  know  that  this  is  not  so.  It  is  really  not  more 
difficult  to  conceive  and  to  remember  that  an  atom  of  oxygen 
is  worth  two  of  chlorine,  and  an  atom  of  lead  two  of  silver 
than  to  know  that  an  equivalent  of  nitrogen  is  worth  three  of 
oxygen,  and  that  two  equivalents  of  aluminium  are  worth 
three  of  magnesium.  So  there  is  really  no  advantage,  on  these 
two  heads,  which  can  counterbalance  those  which  I  have 
shown  for  atomic  notations. 

It  may  be  said  that  the  preceding  is  a  contradiction  of  what 
I  said  before.  I  said  that  the  system  of  equivalents  presents 
conditions  of  invariability  that  are  not  presented  by  atomic 
weights.  Further  on  I  have  shown  that  every  change  of  atomic 
weight  had  necessitated  a  corresponding  change  in  equivalent?. 

If  we  look  for  the  cause  of  this  apparent  contradiction,  it 
seems  to  me  that  we  shall  be  led  to  make  an  observation  which 
gives  the  key  to  the  discussion  actually  going  on.  It  is  that, 
in  reality,  if  we  keep  out  of  sight  every  question  as  to  the 
origin  or  the  terms  equivalents  and  atomic  weights^  there  is  no 
difference  between  the  two  systems,  and  the  partisans  of  equiva- 
lents are  willing  enough  to  accept  the  principles  which  serve 
to  determine  atomic  weights,  except  when  the  necessity  arises 
of  changing  the  formulas  of  bodies  that  are  of  great  importance 
and  occur  with  great  frequency. 

*  Annales  de  Ohimie  et  de  Physique,  1841,  m,  vol.  i,  p.  191. 
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Art.  XrV. — Some  thoughts  on  the  Glycogenic  function  of  the 
Liver  and  its  relation  to  vital  force  and  vital  heat;  by  JOSSPH 
LbConte. 

[Bead  before  the  National  Academy  of  Sdences,  New  York,  October,  1877.] 

Thb  great  size  of  the  liver  and  its  persistence  as  a  conspicu- 
OQii  organ,  as  we  ^o  down  the  animal  scale  even  to  a  very  low 
poBition,  clearly  demonstrate  the  great  importance  of  its  fane- 
tioD&  This  conclusion  is  entirely  confirmed  by  the  very  grave 
^ects  on  the  health  produced  by  its  disorders.  But  in  spite  of 
its  acknowledged  importance,  great  obscurity  still  hangs  about 
the  true  nature  of  its  functions.  The  function  of  the  liver  is 
not  simpje,  like  that  of  the  lungs  or  the  kidneys,  but  very 
complex.  The  liver  is  the  manufactory  of  both  bile  and  sugar. 
The  bile  is  both  a  secretion  used  in  the  digestive  preparation 
of  food,  and  an  excretion,  separating  poisonous  matters  from 
the  blood.  The  sugar,  too,  has  doubtless  as  many  and  as  com- 
plex nses;  but  these  are  little  understood.  Evidently,  there- 
n>re,  any  light,  even  the  smallest,  thrown  upon  this  sugar-mak- 
ing  function  of  the  liver  will  be  hailed  witn  pleasure  both  by 
the  scientific  physiologist  and  by  the  medical  practitioner. 

What  I  have  to  offer  on  this  subject,  however,  is  not  the  re- 
salt  of  any  elaborate  research,  nor  of  the  discovery  of  any  new 
facts,  but  simply  the  result  of  thought  on,  and  necessary  de- 
duction from,  facts  already  known.  Neither  are  all  the 
thoughts  and  deductions  entirely  new,  but  I  cannot  find  that 
they  have  been  held  suflSciently  firmly  and  stated  sufficiently 
clearly  by  physiological  writers,  and  for  this  reason,  perhaps, 
have  not  borne  any  fruit  in  medical  practice. 

It  will  not  be  amiss  to  review  very  briefly  the  main  and 
usnallv  acknowledged  facts  connected  with  this  function. 

1.  'f  he  portal  blood  of  flesh  fed  animals  contains  no  sugar, 
but  the  same  blood,  after  passing  through  the  liver,  i.  e.,  the 
blood  of  the  hepatic  vein,  contains  always  a  notable  quan- 
tity of  this  substance.  Evidently,  therefore,  it  is  manufactured 
in  the  lirer.  ^ 

2.  If  the  dead  liver  removed  from  the  body  be  washed  out 
completely  by  water  injected  through  the  portal  and  hepatic 
veins  until  every  trace  of  sugar  is  removed,  and  then  the  liver 
be  allowed  to  stand  a  while,  on  recommencing  the  transmission 
of  water  the  first  that  passes  is  decidedly  sugary.  The  same  pro- 
cess may  be  repeated  several  times  with  tne  same  result,  until 
the  material  out  of  which  the  sugar  is  made  is  finallv  exhausted. 

8.  If  the  liver  of  any  animal  be  kept  a  consiaerabl^^  time 
before  cooking,  the  amount  of  sugar  wnich  accumulates  in  its 
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substance  is  so  large  as  to  be  easily  detected  by  the  taste.  The 
liver  is  decidedly  sweeL  I  have  very  often  detected  this  swee^ 
ness.     I  have  not  seen  attention  drawn  to  the  fact 

4.  Evidently,  therefore,  the  liver  is  constantly  forming  sugar 
from  some  insoluble  or  feebly  5oZt/ife , substance,  which  on  ac- 
count of  its  feeble  solubility  cannot  be  easily  washed  out 
This  substance  has  been  isolated  by  Claude  Bernard  and  oth- 
ers, and  its  properties  determined.  It  is  a  white,  feebly-soluble, 
tasteless,  amorphous  substance,  having  the  composition  of 
starch  or  dextrin.  It  changes  easily  ana  rapidly  into  sugar  by 
mere  contact  of  blood  or  other  albuminoid  ferment.  It  is 
called  glycogen  or  sugar-maker.  It  is  a  kind  of  animal  starch. 
The  quantity  of  glycogen  in  the  liver  varies  much  with  the 
food,  being  greatest  (17  per  cent)  with  amyloid  food,  and  least 
(7  per  cent  or  even  only  2  per  cent)  with  albuminoid  food. 
(Pavy.) 

5.  The  sugar  formed  from  glvcogen  (liver-sugar)  is  closely 
allied,  perhaps  in  composition  identical,  with  glucose ;  but  ap- 
parently differs  from  tnis  and  all  other  forms  of  sugar  in  being 
more  unstable,  i.  e.,  more  easily  fermented  and  especially  more 
easily  burned  or  oxidized  in  the  blood.  It  therefore  probably  dif- 
fers from  glucose  in  molecular  structure  if  not  in  coemical  com- 
position. Sugar  in  any  other  form  than  that  made  in  the  liver, 
may  circulate  for  some  time  in  the  blood  without  oxidation, 
but  liver-sugar  is  speedily  burned.  The  great  importance  of 
this  difference  is  usually  overlooked. 

6.  This  change  from  glycogen  into  liver-sugar — this  manu- 
facture of  sugar  in  the  liver — is  not  a  vital  but  a  purely  chemical 
process.  It  takes  place  in  the  dead]\xst  as  well  as,  or  even  much 
better  than,  in  the  living  liver. 

Such  are  the  undoubted ^te  in  regard  to  the  formation  of 
sugar  in  the  liver.  But  the  physiological  uses  of  this  function 
have  remained  in  a  large  measure  at  least,  a  mystery.  There 
are,  however,  some  other  equally  undoubted  facts  which  are 
believed  to  throw  light  on  this  point,  and  which  therefore  we 
will  briefly  state. 

1.  The  amount  of  amyloids  which  may  be  taken,  and  often 
is  taken,  as  food,  by  a  healthy  man  in  the  course  of  a  day,  is 
certainly  one  or  twrf  pounds.  The  whole  of  this  is  converted 
into  sugar  before  it  can  be  taken  up.  Two  pounds  of  sugar, 
therefore,  may  be  taken  into  the  blood  of  a  man  who  is  fed 
largely  on  amyloid  food. 

2.  This  amount  of  sugar  in  the  blood  would  make  that 
liquid  as  sweet  ns  syrup.  But  so  far  from  this  bein^  the  fact, 
sugar  is  an  extremely  minute,  a  scarcely  detectable  ingredient 
of  the  blood  of  the  general  circulation;  so  much  so,  ind^d,  that 
it  is  rarely  put  down  among  its  normal  constituents.     What 
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then  becomes  of  it  ?  Burned  up,  it  will  be  answered.  Yes,  it 
is  doubtless  burned  ud;  but  this  combustion  occupies  at  least 
twenty-four  hours,  ana  in  the  jtieantime  a  large  though  gradu- 
ally decreasing  quantity  ought  to  be  found  in  the  blood  unless 
it  is  disposed  of  in  some  other  way.     How  is  it  disposed  of  ? 

3.  The  dissolved  food  is  presented  to  the  absoroents  of  the 
stomach  and  intestines  in  three  principal  forms,  viz:  as  peptones 
(or  dissolved  albuminoids),  jo^ar*  (dissolved  amyloids)  andyato. 
Of  these  the  sugars  are  taken  up  mostly  b^  the  capillaries 
of  the  stomach  and  intestines  (portal  capillanes),  the  peptones 
partly  by  the  capillaries  and  partly  by  the  lacteuls,  and  the 
&ts  wholly  by  tne  lacteals.  Nearly  the  whole  of  the  sugar 
and  a  large  portion  of  the  peptones,  therefore,  pass  into   the 

Sortal  vein  and  thence  by  a  second  capillary  circulation  are 
istributed  through  the  liver  before  they  can  enter  the  general 
circulation.  The  fats,  on  the  contrary,  with  much  of  the  pep- 
tones and  some  of  the  sugar  are  carried  by  the  thoracic  duct 
and  discharged  directly  into  the  general  circulation  at  the 
junction  of  the  subclavian  and  jugular  veins  and  thence  are 
carried  immediately  to  the  heart  to  be  distributed  everywhere. 

Now,  put  these  three  facts  together:  (1)  the  large  amount  of 
sugar  taken  up  from  the  stomach  and  intestines  of  amyloid-fed 
animals,  (2)  nearly  the  whole  of  this  sugar  is  distributed 
through  the  liver  before  it  can  reach  the  general  circulation,  (3) 
the  minute  proportion  of  sugar  found  in  the  general  circula- 
tion, and  the  cpnclusion  seems  unavoidable,  viz:  The  whole 
of  the  sugar  is  arrested  in  the  liver ^  changed  into  a  less  soluble  sub- 
stance nearly  related  to  sugar^  viz :  glycogen,  and  thus  withdrawn 
from  circulation  and  stored  in  tlie  liver.  The  stored  amyloid  is 
then  slowly  re-changed  to  sugar ^  but  in  the  more  oxidable  f/rm  of 
liver'Sngar^tind  re-delivered,  little  by  little,  to  the  blood  by  the 
hepatic  vein,  as  the  necessities  of  combustion  for  animal  heat 
ana  vital  force  require. 

The  views  thus  far  presented  have  been  held  with  more  or 
less  firmness  by  most  physiologists  since  Bernard's  discovery  of 
this  function.  In  what  follows  I  have  attempted  only  to  push 
these  views  to  what  seems  to  me  their  legitimate  conclusions. 

It  will  be  observed  that  there  is  here  a  double  change  in  op- 
posite directions.  The  liver  seems  to  change  sugar  by  dehy- 
dration into  glycogen  only  to  change  by  rehydration  glycogen 
back  again  into  sugar.  At  first  sight  there  seems  to  be,  there- 
fore, a  waste  of  force  such  as  never  occurs  in  the  animal  body. 
This  has  been  urged  by  Pavy  and  others  as  an  objection  to 
this  double  change,  as  a  fact  But  there  are  at  least  two  good 
reasons  for  this  double  change.  First :  A  large  quantity  of 
sugar  {glucose)  in  the  blood  is  very  hurtful  The  experiments  of 
Dr.    Wier  Mitchell,   of  Philadelphia,  have  proved  that  large 


•  •  .•  •      • 

•  •   t    •     •• 

•  •        •  •     •    • 

•  •   •     •  •  • 

•  •      •     •  a 


102 


J.  LeConte — Olycogmic  function  of  the  Liver. 


quantities  of  sagar  in  the  blood  produce,  among  other  hurtful 
effects,  cataract  and  blindness.  The  cataract,  so  common  among 
diabetic  patients  is  doubtless  due  to  this  cause.  Plainly,  there- 
fore, there  is  needed  a  reservoir  to  receive  and  detain  the  flood 
of  glucose  poured  into  the  blood  after  every  full  meal  of 
amyloids.  The  liver  is  that  reservoir.  A  second  reason  for 
this  double  change — (and  this  is  probably  the  fundamental  rea- 
son)— is  that  the  sugar  is  re-delivered  to  the  blood  not  as  glu- 
cose but  as  liver-sugar,  and  therefore  in  a  more  oxidabUform — 
as  a  better  fuel  than  previously. 

For  the  sake  of  greater  clearness,  we  have  spoken  thus  far  as 
if  glycogen  were  made  only  from  sugar.  Most  of  it  is  un- 
doubtedly made  in  this  way  in  all  animals  except  caroiyora. 
But  it  seems  certain  that  the  liver  has  Uie  power  oj  making  gly- 
cogen from  albuminoids  aho  ;  for  animals  fed  on  albuminoids 
alone  still  continue  to  make  sugar  from  glycogen.  Therefore — 
and  this  is  a  very  important  point — albuminoids  are  decomposed 
in  the  liver  into  glycogen  and  some  nitrogenous  matter^  which  is 
separated  and  excreted  partly  in  the  bile,  but  probably  mostly 
restored  to  the  blood  to  be  excreted  as  urea  by  the  kidneys. 
In  this  way  the  excess  of  albuminoid  food,  over  and  abot^e  what 
is  necessary  for  tissue  building  is  reduced  to  a  condition  suitable  far 
easy  combustion. 

But  if  this  view  be  correct — if  this  be  the  way  in  which 
albuminoid /b(x2  in  excess  of  the  requirements  of  tissue-build- 
ing is  disposed  of,  then  it  is  certain  that  waste  tissues  also  are 
eliminatea  in  the  same  way,  for  these  are  also  albuminoid. 
The  first  step  in  the  elimination  of  these  takes  place  in  the 
liver  where  they  are  decomposed  into  glycogen  to  be  burned  as 
sugar  and  eliminated  through  the  lungs,  and  a  nitrogenous  res- 
idue to  be  eliminated  mostly  by  the  kidneys.  If  so,  then  ani- 
mals starved  to  death  ought  to  make  glycogen  and  liver  sugar 
to  the  last.  Now,  according  to  Chauveau,  horses  and  dogs  after 
six  days  fasting  still  continued  to  make  liver-sugar.* 

Again :  we  have  spoken  thus  far  only  of  the  dissolved  food 
taken  up  by  the  portal  capillaries  and  distributed  through  the 
liver  before  entering  the  general  circulation.  By  far  the  larger 
part  undoubtedly  takes  this  course ;  but  a  small  portion  also  is 
taken  up  by  the  lacteals.  This  enters  the  general  circulation 
through  the  thoracic  duct,  little  by  little,  in  proportion  as  it  is 
taken  up.  But  this  also  must  pass,  though  not  so  directly, 
through  the  liver  by  the  hepatic  artery  or  by  the  mesenteric 
artery  and  portal  vein  and  is  doubtless  also  arrested  there  in 
the  form  of  glycogen. 

There  are,  then,  three  sources  of  glycogen,  and  therefore  of 
liver-sugar,   viz :     1.  The  whole  of  the  amyloid  food,     2.    AU 

*  OomptOB  Bendus,  yoL  xliii,  p.  1008. 
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aBmminoid  food  in  excess  of  what  is  required  for  tissue-building  ; 
and  8.  AU  waste  tismes.  Bat  since  in  the  mature  animal  waste 
tissae  is  exactly  bialanced  by  tissue-bailding,  the  sum  of  the 
last  two  sources  is  exactly  equal  to  the  whole  albuminoid  food ; 
and  the  material  used  for  glycogen-making  is,  therefore,  equiv- 
alent to  the  whole  food,  unless  we  except  fats.  The  amyloid 
material  is  changed  without  loss,  but  the  albuminoid  material  is 
changed  with  large  loss  of  nitrogenous  residue,  which  is  elimi- 
nated partly  as  the  nitrogenous  matter  of  the  bile,  but  mostly 
as  area  by  the  kidneys.  There  are  also  the  same  three  sources 
ofvttcU  force  and  vital  heat,  viz:  1.  Combustion  of  amyloid 
food.  2.  Combustion  of  the  combustible  portion  of  albumin- 
oid food-exces&  And  3.  Combustion  of  the  combustible  por- 
tion of  waste  tissues.  And,  for  the  reason  already  assigned,  this 
is  exactly  equivalent  to  combustion  of  the  combustible  portion 
of  the  whole  food.  Therefore,  the  sole  object  of  the  glycogenic 
function  of  the  liver  is  to  prepare  food  and  waste  tissue  for  final 
dmination  by  lungs  and  kidneys  j  to  prepare  an  easily  combuHidle 
fuel,  Uver-sugar,  for  the  generation  of  vital  farce  and  vital  lieat  by 
combtistion,  and  at  the  same  time  a  residuum  suitable  for  elimina- 
tion as  urecu  And  conversely:  the  only  combustible  used  in  the 
body  is  hver-sugar,  unless,  indeed,  we  except  fats,  the  mode  of 
combustion  of  which  is  not  known.  We  at  once  see,  then,  the 
importance  of  this  function,  lying,  as  it  does  at  the  very  found- 
ation of  all  the  eliminative  processes,  as  also  of  all  force-mak- 
ing and  heat-making  processes  of  the  animal  body ;  and  we 
are  led  to  anticipate  that  the  failure  of  this  function  must 
entirely  sap  the  vitality  of  the  system.  That  such  is  a  fact  we 
shall  presently  see. 

There  are  several  important  conclusions  to  be  drawn  from 
the  above  to  which  I  would  next  call  attention. 

1.  The  real  function  of  the  liver  in  this  connection  is  not 
glycogenic  or  sugar-making  as  usually  supposed,  but  glyco- 
genic or  glycogen-making.  Glycogen-making  is  a  true  vital 
function  ;  sugar-making  is  a  pure  chemical  process.  The  former 
is  an  ascensive,  the  latter  a  descennve,  metamorphosis.  The  for- 
mer can  take  place  only  in  the  living  liver;  the  latter  also  in 
the  dead  liver,  and  even  more  rapidly,  because  the  opposite 
force  is  withdrawn  and  the  contrary  process  of  fixing  is  stop- 
ped. In. this  as  in  so  many  vital  processes  we  may,  in  the  pres- 
ent state  of  our  knowledge,  best  represent  the  condition  of 
things  as  the  result  of  two  opposing  forces,  a  higher  vital  and 
a  lower  chemical ;  the  former  producing  ascensive,  the  latter 
descensive  changes.  In  death  the  latter  triumph,  and  the 
changes  are  descensive  only.  These  two  opposite  processes  in 
the  liver  are  fully  recognized  by  Claude  Bernard,  although  for 
convenience  both  processes  are  called  glycogenic. 
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2.  In  the  well-know d  and  usually  fatal  disease,  diabetes, 
sugar  is  excreted  in  large  quantities  by  the  kidneys.  But  the 
kidneys  are  not  the  organ  in  fault.  On  the  contrary  they  do 
all  they  can  to  remedy  the  evil.  Sugar  in  the  blood  is  ex- 
tremely hurtful ;  the  kidneys  remove  it  as  fast  as  they  can. 
Some  have  supposed  that  the  lungs  are  in  fault  The  sugar 
contributed  by  the  liver  to  the  blood,  they  say,  is  not  burned 
up  as  fast  as  received  (as  it  ought  to  be)  on  account  of  defi- 
ciency of  oxygen  taken  in  by  the  lungs.  But  the  true  organ 
directly  in  fault  is  undoubtedly  the  liver.  In  diabetic  patients 
the  liver  seems  to  have  lost  its  glycogen-nuzkutg  power.  The 
sugar  taken  up  by  the  portal  capillaries  is  not  arrested  in  the 
liver,  but  allowed  to  pass  straight  through  unchanged  into  the 
general  circulation,  whence  it  must,  of  course,  be  eliminated 
by  the  kidneys.  The  difficulty  is  not  too  much  sugar  rtiahing 
hut  failure  to  arrest  i/ie  sugar  as  glycogen.  This  is  proved  by 
cases  of  traumatic  diabetes.  It  is  well  known  that  puncture 
of  the  floor  of  the  fourth  ventricle  of  the  brain  produces  dia- 
betes. In  such  cases,  even  though  sugar  be  ingested  in  large 
quantities  there  is  no  glycogen  formed  in  the  liver ;  the  glu- 
cose having  been  allowed  (probably  on  account  of  paralysis  of 
the  vaso-motor.  nerves)  to  pass  straight  through  unchanged 
into  the  general  circulation.  The  extreme  gravity  of  patho- 
logical diabetes,  therefore,  is  partly  the  result  of  the  directly 
hurtful  eflFects  of  sugar  in  the  blood,  as  shown  by  diabetic  cat- 
aract, but  chiefly  owing  to  serious  disorder  of  a  very  impo^ 
tant  function  of  the  liver — a  function  on  which  wholly  depends 
animal  heat  and  animal  force  of  all  kinds,  viz:  the  prepara- 
tion of  food  and  waste-tissue  for  easy  combustion.  The  use  of 
a  pure  albuminoid  diet  may  remedy  the  former  difficult}',  i.  a, 
the  presence  of  excess  of  glucose  in  the  blood,  but  cannot  rem- 
edy the  latter  and  greater  difficulty.  We  at  once  see,  there- 
fore, why  an  extremely  low  vitality  and  a  temperature  which  is 
subnormal,  even  in  fever,  should  characterize  this  diseasa 

3.  There  is  a  very  interesting  analogy  between  this  glycogen- 
making  function  of  the  liver  and  the  starch- making  function  of 
plants.  Plants  change  the  soluble  forms  of  amyloids,  viz  :  dex- 
trin and  sugar  into  the  insoluble  form  of  starch.  They  do  so 
for  the  purpose  of  storing  it  away  ior  future  use.  When  ready 
to  use  it  they  again  reconvert  it  into  the  soluble  form  of  dex- 
trin or  sugar  and  take  it  again  into  circulation.  It  cannot  be 
stored  unless  in  the  insoluble  form  ;  it  cannot  be  used  unless  in 
the  soluble  form.  So  animals  also  change  soluble  sugar  into 
insoluble  glycogen  (animal  starch)  and  store  it  away  in  the 
liver  for  future  use.  In  order  to  use  it,  however,  it  must  be 
reconverted  into  the  soluble  form  of  sugar. 

In  a  work  entitled  "  Digestion  V^gdtale,"  published  in  1876, 
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M.  Morren  likens  the  change  of  starch  into  sugar  in  plants  to 
digestion  in  animals,  and  concludes  that  the  function  of  diges- 
tion can  no  longer  be  regarded  as  peculiar  to  animals,  but  is 
universal  among  organisms.  But,  as  we  have  already  shown, 
the  true  analogue  both  of  starch-formation  and  starch-soluti6n 
in  plants  is  found  in  the  glycogenic  function  of  the  liver.  Di- 
gestion is  properly  a  solution  of  solid  food,  preparatory  to  its 
absorption  into  the  circulation.     No  such  function  is  needed  in 

i>lants  (unless  we  except  insectivorous  plants)  because  their 
bod  is  already  liquid.  Materials  already  absorbed  and  stored 
in  the  tissues  cannot  be  called  food,  nor  can  changes  in  such 
materials  be  called  digestion  except  by  a  metaphor. 

4.  The  analogy  between  animals  and  plants  as  regards  this 
function  of  storing  amyloids  is  far  more  striking  in  the  lower 
animals  and  in  embryonic  conditions.  All  parts  of  plants  seem 
to  have  the  power  of  fixing  and  storing  amyloids,  although  it 
is  mostly  confined  to  parenchyma  or  undifferentiated  cellular 
tissue ;  while  in  the  higher  animals  this  function  is  confined 
to  the  liver.  But  it  is  an  interesting  fact  showing  the  greater 
resemblance  of  lower  animals  and  of  the  embryonic  conditions 
of  higher  animals,  to  plants,  and  illustrating  the  law  of  differ- 
entiation both  in  the  development  of  the  embryo  and  in  the 
evolution  of  the  organic  kingdom,  that  the  embryos  of  the 
higher  animals  and  the  adults  of  many  lower  animals,  have 
also  the  power  of  fixing  amyloids  or  making  glycogen,  in  all 
foria^  although  this  is  especially  true  of  undifferentiated  epithe- 
lial tissue  (Bernard.)  And,  what  is  very  noteworthy,  it  is 
sluggish  animals,  or  animals  least  endowed  with  nervous  en- 
ergy* which  accumulate  most  glycogen  in  their  tissues.  Bizio 
found  10-14  per  cent  in  the  d^ned  tissues  of  the  oyster  and  car- 
dium.  Foster  fully  as  much  or  more  in  enlozoa,  viz:  two  per 
cent  wet  weight  Thus  as  we  pass  up  the  animal  scale  not 
only  do  we  find  this  function  more  ana  more  localized  in  one 
organ,  the  liver ;  but  also  the  glycogen  product  more  and  more 
quickly  consumed  by  combustion  for  animal  activity. 

5.  But  if  there  are  striking  resemblances,  so  also  are  there 
differences  in  the  use  of  stored  amyloids  very  chamcteristic  of 
the  two  kingdoms.  Plants  store  away  starch  for  future  use  as 
building  material:  of  course,  therefore,  after  reconversion 
into  sugar  it  must  be  again  re-converted  into  insoluble  cellu- 
lose. Animals  on  the  contrary  store  away  glycogen  for  future 
ase  Bsfiiel  for  force-making.  Plants  do  not  require  it  for  force 
for  they  draw  their  force  from  the  sun.  Animals  do  not  require 
it  for  tissue-building  for  their  tissues  are  wholly  albuminoid. 

6.  We  have  seen  that  albuminoids,  whether  food  or  waste  tis- 
mes,  are  probably  split  in  the  liver  into  glycogen  and  some 
nitrogenous  residuum.    The  glycogen  is  changed  into  sugar  and 
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then  by  oxidation  into  CO,  and  H.O  and  eliminated  by  the 
lungs.  The  nitrogenous  residuum  if  it  is  not  at  first  urea  is  at 
least  easily  changed  into  urea  and  eliminated  by  the  kidneys. 
We  see  then  the  close  relation  between  the  functions  of  the 
liver  and  kidneys.  Now  in  going  down  the  animal  scale,  we 
find  in  many  cases,  as  for  example  in  insects,  that  the  same 
organ  performs  both  functions.  In  tne  process  of  evolution  urea 
was  at  first  formed  and  excreted  at  once  by.  the  same  oi^n. 
Afterwards  these  two  processes  were  differentiated. 

7.  We  have  already  stated  that  Foster  found  a  lai^ge  percent- 
age of  glycogen  in  the  tissues  of  entozoa.*  He  asks,  *^  Of  what 
use  is  this  glycogen  ?"  and  answers,  "  No  respiratory  use"  is 

Eossible,  for  "  having  a  constant  temperature  secured  to  them" 
y  the  body  of  their  host,  "  they  are  the  very  last  creatures  to 
need  respiratory  or  calorifacient  material."  He,  therefore^ 
inclines  to  the  view  of  Pavy,  that  glycogen  is  not  respiratory 
material  at  all,  but  material  on  its  way  to  become  fibnn.  On 
the  contrary,  we^  for  our  part,  see  in  this  observation  of  the 
presence  of  stored  amyloid  in  an  animal  not  needing  any  inte^ 
nal  source  of  heat,  a  striking  proof  (if  any  were  still  needed) 
that  the  prime  object  of  respiration  is  not  heat-making  btUfbree- 
making  ;  and  the  view  of  Foster  we  regard  as  a  no  less  strik- 
ing proof  of  the  fact  that  this  fundamental  principle  of  physi- 
ology is  even  yet  imperfectly  recognized  by  some  of  the  best 
men.  The  very  use  of  the  term  heat-making  material  as  syn- 
onymous with  respiratory  material  shows  a  profound  misoon- 
ception.  But  this  expression  as  applied  to  amyloids  and  fats 
has  unfortunately  become  so  universal,  and  is  now  so  hedged 
about  by  authority  of  great  names  that  it  is  almost  impossible 
to  eradicate  the  false  ideas  associated  with  it  It  cannot  be  too 
often  or  too  strongly  enforced  that  the  prime  object  of  com- 
bustion in  the  animal  machine,  as  in  the  steam  engine,  is  not 
heat-making  hut  force-making.  Heat  is  only  a  coiicomitant^  often 
useful,  but  sometimes  useless  and  even  distressing.  Careful 
experiments  have  over  and  over  proved  this;  the  doctrine  of 
conservation  of  force  absolutely  requires  it;  and  yet  physiolo- 
gists still  go  on  serenely  talking  of  respiratory  food  as  only  heat- 
making,  as  if  vital  force  were  something  wholly  unrelated  to 
other  forces  of  nature  and  therefore  requiring  no  explanation  at 
all.  The  vital  force  created  by  combustion  may  be  expended 
largely  in  mechanical  power,  as  in  the  higher  animals,  or  almost 
wholly  in  the  v^etative  functions  of  digestion,  assimilation, 
secretion,  &c.,  as  in  the  more  sluggish  lower  animals  such  as 
many  mollusca  and  entozoa. 

Postscript — Since  finishing  this  article  in  April  last,  I  have 
read  with  deep  interest  a  very  remarkable  paper  by  Professor 

*  Proa  Boy.  Soc.,  ziv,  543. 
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SchiflF,*  entitled  "A  new  function  of  the  liver/*  in  which  the 
aathor  demonstrates  in  the  most  convincing  manner  by  means 
of  experiments  on  dogs  and  frogs  conducted  in  the  phjsiologi* 
cal  laooratoiy  in  Geneva,  that  the  liver  has  the  power  of  completely 
decomposing  poisonous  matters  generated  by  the  wasting  of  tissues. 
Ligation  of  the  vessels  of  the  liver,  especially  of  the  portal  vein, 
in  mammals,  quickly  produced  extreme  lethargy  and  finally 
death  in  the  course  of  one  to  three  hours.  In  frogs,  it  is  true,  liga- 
.tion  produced  little  effect,  but  this  is  only  bec*ituse  of  the  slow- 
Qei>s  of  the  changes  in  their  tissues ;  for  the  blood  of  dogs  dead 
of  ligated  livers  injected  into  the  circulation  of  frogs  quickly 
destroyed  life  if  their  livers  are  ligated,  but  produced  no  effect  if 
the  livers  are  unligated.  Moreover  many  other  organic  poi- 
sons were  shown  to  be  either  wholly  or  partly  destroyed  and 
rendered  innocuous  bv  the  liver.  Doubtless  this  is  the  true 
explaaation  of  the  more  potent  effect  of  organic  poisons  when 
administered  by  subcutaneous  injection ;  for  they  tnen  enter  the 
general  circulation  without  passing  through  the  liver. 

I  regard  these  experiments  as  a  most  striking  confirmation  of 
the  view  presented  in  this  paper,  viz:  that  waste  tissues  are 
decomposed  in  the  liver  into  glvcogen  and  a  nitrogenous  resid- 
nam  eliminated  mostly  by  the  kidneys.  But  if  my  view  as  to 
the  mode  of  decomposition  be  correct,  then  the  experiments  of 
Pfofessor  Schiff  have  demonstrated  not  a  new  function,  but 
rather  an  extension  of  the  glycogenic  function,  throwing  upon 
it  a  new  light  and  giving  it  a  new  significance.  It  is  precisely 
this  new  significance  which  I  have  attempted  to  set  forth  in  the 
foregoing  paper. 

Berkelej,  OaL,  Oct  15,  1877. 


Art.  XV. — Revision  of  the  Atomic  Weight  of  Antimony ;  by 

JosiAH  p.  CooKE,  jr. 

(Concluded  from  page  49.) 

AfTEB  a  long  series  of  experimeuts.  which  threw  but  little 
light  on  the  cause  of  the  discrepancy  that  had  now  become  so 
prominent,  although  they  yielded  very  interesting  subsidiary 
results  which  are  described  in  detail  in  the  original  paper,  we 
made  a  series  of  analyses  of  antimonious  bromide  with  the 
hope  that  if  there  was,  as  we  suspected,  a  source  of  constant 
error  in  the  analyses  of  anitimonious  chloride,  the  same  influ- 
ence would  affect  the  analyses  of  the  corresponding  bromide  to 
a  different  degree  and  might  thus  reveal  its  nature. 

*  Arch,  des  Sdenoes,  Iviii,  293,  March,  1877. 
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We  prepared  the  bromide  of  antimony  by  adding  in  small 

Eortions  at  a  time  the  pulverized  metal  to  a  strong  solution  of 
romine  in  sulphide  of  carbon.  The  retort  containing  theso- 
lation  was  kept  cool  by  snow,  and  shaken  after  each  addition 
until  the  action  ceased.  As  soon  as  the  color  of  bromine  was 
discharged,  the  sulphide  of  carbon  was  distilled  oflF  over  a 
water  bath  ;  and  then,  replacing  the  water  bath  with  a  gas 
lamp,  the  bromide  of  antimony  was  first  boiled,  and  then  dis- 
tilled over  the  finely  powdered  antimony  which  had  been 
added  in  excess.  On  account  of  the  high  boiling  point  of  bro- 
mide of  antimony,  and  the  readiness  with  which  its  vapor  con- 
denses, it  was  found  best  in  distilling  to  cover  the  bo<ly  of  the 
retort  with  a  hood.  The  bromide  thus  prepared  was  purified  by 
repeated  distillations  over  pulverized  antimony,  as  in  the  case  of 
the  chloride,  a?id  finally  by  crystallizing  and  recrystallizing  sev- 
eral times  from  solution  in  purified  sulphide  of  carbon.  A  warm 
saturated  solution  in  sulphide  of  carbon  deposits,  when  cooled 
to  the  freezing  point,  the  greater  part  of  the  bromide  of  anti- 
mony in  fine  acicular  crystals.  These  crystals  were  dried  first 
with  blotting-paper,  and  then  m  vacuo  over  sulphuric  acid. 
The  antimonious  bromide  thus  purified  by  fractional  distilla- 
tion and  crystallization  was  only  a  very  small  fraction  of  the 
first  crude  product.  It  was  pure  white,  had  a  high  silky  lus- 
ter, and,  when  first  made,  was  wholly  destitute  of  odor.  It  was 
carefully  examined  for  chlorine,  ioaine,  and  arsenic;  but  the 
delicate  tests  which  we  possess  for  all  three  of  these  elements  so 
frequently  associated  with  commercial  antimony  and  bromine, 
failed  to  show  the  least  trace  of  either  in  the  bromide  of  anti- 
mony we  analyzed.  Tlie  determinations  of  bromine  were 
made  in  all  respects  like  those  of  chlorine.  Great  care  was 
taken  not  to  add  more  than  a  very  slight  excess  of  argentic 
nitrate,  and  we  found  that  under  these  conditions  the  superna- 
tant liquid  cleared  more  readily  above  the  precipitate  in  the 
case  of  bromide  of  silver  than  with  the  corresponding  chloride, 
and  for  this  reason  the  first  could  be  washed  more  quickly  than 
the  last  The  results  of  these  determinations  are  embodied  in 
the  table  on  the  following  page. 

Here,  as  before,  the  letters  indicate  different  preparations:  a 
was  made  and  purified  as  described  above ;  b  was  the  same  ma- 
terial as  a  redistilled  and  again  crystallized  from  bisulphide  df 
carbon ;  c  was  another  portion  of  the  same  material  several 
times  redistilled  and  twice  recrystallized  from  the  same  sol- 
vent; d  was  a  separate  preparation  from  the  start;  e  wop 
another  separate  preparation  purified  with  extreme  care.  In 
the  last  case  there  was  over  a  kilogram  of  the  crude  pro- 
duct, which  was  reduced  by  the  fractional  distillation  and  crys- 
tallization— each  process  repeated  from  ten  to  twenty  times — 
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to  the  few  grains  used  in  the  analyses.  These  methods  of 
porifying  the  sabstance  were  thus  pushed  to  their  utmost 
limits. 

Analyses  of  Antimonious  Bromide. 

DBTKMIKAnON  OF  BSOMim. 


Wt  of  SbBr,  taken 

Wt.  of  AgBr 

%  of  Bromine 

Na 

in  grams. 

obtained. 

BrsSO,  Ag  108. 

1,  o. 

1-8621 

2-9216 

66-765 

2,0. 

0*9856 

1-6422 

66-584 

8,5. 

1-8650 

2-9268 

66-779 

4,  & 

1-6330 

2-4030 

66-703 

6,  & 

1-3689 

2-1446 

66-663 

6,  c. 

1-2124 

1-8991 

66-655 

7,c 

0-9417 

1-4749 

66-647 

8,  <f. 

2-5404 

8-9755 

66-593 

9,rf. 

1*5269 

2-3906 

66-623 

10,  e. 

1-8604 

2-9180 

60-743 

11,  e. 

1-7298 

2-7083 

60-624 

12,  e. 

3-2838 

6-1398 

66-604 

18,  e. 

2-3589 

3-6959 

66-671 

14,  e. 

1-3328 

2-0863 

66*635 

15,  e. 

2-6974 

4-2285 

66-708 

Mean  value  from  last  six  determinations,  66-664 

Mean  value  from  all  the  determinations,.  66*6665 

Theory  Sh  120  requires, 66-6666 

TheoryShl22        "         66-2983 

If  in  calculating  the  result  of  the  above  bromine  determina- 
tioDS  we  use  the  atomic  weights  of  Stas, — Br=79-952,  Ag= 
107*98, —  the  per  cents  found  will  be  in  each  case  only  0'002 
higher,  which  is,  of  course,  an  inappreciable  difference  Hence, 
whether  we  take  Stas's  or  Dumas's  values  for  the  atomic 
weights  of  bromine  and  silver,  the  atomic  weight  of  antimony 
deduoed  from  the  above  determinations  is  exactly  120-00. 

This  is  certainly  a  remarkably  close  confirmation  of  our  pre- 
vious conclusion.  Indeed  the  wonderful  coincidence  between 
tiie  observed  and  the  theoretical  results  must  be  to  a  certain 
extent  accidental ;  for  no  process  of  chemical  analysis  is  capa- 
ble of  the  accuracy  which  this  agreement  would  imply.  Still 
it  should  be  noticed  that  the  probable  errors  of  the  process,  so 
fur  as  they  are  indicated  by  the  variations  from  the  mean 
Vfloe,  are  not  larger  than  we  might  expect  would  be  eliminated 
bj  multiplying  ooservations ;  and,  further,  that  the  mean  of 
the  last  six  determinations  wliich  are  undoubtedly  the  most 
trustworthy,  is  nearly  as  close  to  the  theory  as  the  mean  of  the 
whole. 
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But  not  only  did  these  experiments  on  bromide  of  antimony 
thus  confirm  our  previous  conclusion :  they  also  gave  the  first 
definite  clew  to  the  explanation  of  the  disagreement  with  other 
wise  consistent  results  which  our  experiments  on  chloride  of 
antimony  had  presented.  The  one  difterence  between  the  chlo 
ride  and  the  bromide,  which  appeared  to  render  the  last  better 
suited  to  yield  accurate  results,  was  the  difference  in  their  hy- 
groscopic qualities.  As  we  have  stated,  the  chloride  is  one  of 
the  most  hygroscopic  substances  known.  The  bromide  is  also 
hygroscopic,  but  far  less  so,  presenting  no  unusual  difiSicnlties 
of  manipulation  ;  and,,  since  our  tests  indicated  that  both  sub- 
stances were  otherwise  pure,  we  at  once  drew  the  inference  that 
the  different  results  we  nad  obtained  with  chloride  of  antimony 
must  depend  on  the  extraordinary  attraction  of  this  substance 
for  moisture.  Before,  however,  fully  following  out  the  clew 
thus  obtained,  we  made  a  similar  study  of  the  iodide  of  anti- 
mony. 

The  iodide  of  antimony  was  prepared  like  the  bromide,  by 
shaking  up  in  a  glass  flask  a  solution  of  iodine  in  bisulphide  of 
carbon  with  finely  pulverized  metallic  antimony.  On  filtering 
and  decanting,  after  the  color  of  the  iodine  is  discharged,  a 
solution  having  a  pale  greenish-yellow  color  is  obtained,  from 
which  on  cooling  or  on  evaporation  red  crystals  of  iodide  of 
antimony  are  deposited.  Tne  substance  may  be  purified  by 
recrystallization  from  the  same  solvent;  but  iodide  of  anti- 
mony is  far  less  soluble  in  bisulphide  of  carbon  than  the  chlo- 
ride or  bromide,  and  cannot  therefore  be  so  advantageously 
treated  in  this  way,  nor  can  the  small  amount  of  carbooaceoos 
impurity  which  the  crystals  acquire  from  the  solvent  be  so 
easily  removed.  Moreover,  iodide  of  antimony  cannot  be  so 
readily  distilled  as  the  chloride  or  bromide,  on  accoant  of  its 
high  boiling  point,  which  is  above  that  of  metallic  mercury. 
But  another  property  of  iodide  of  antimony  which,  so  &r  as 
we  know,  has  not  hitherto  been  noticed,  interferes  still  more 
seriously  with  these  methods  of  purifying  this  substance:  In 
all  its  conditions,  it  undergoes  a  more  or  less  rapid  oxidation  in 
contact  with  atmospheric  air,  forming  oxi-iodiae  of  antimony 
(SbOI)  and  free  iodine.  When  iodide  of  antimony  is  rapidly 
boiled  in  a  small  flask,  so  that  the  body  and  most  of  the  necK 
are  kept  full  of  vapor  at  the  boiling-point,  the  action  at  the 
surface  of  contact  of  the  vapor  and  the  air  is  very  strikine ;  ; 
iodine  is  set  free  in  vapor,  with  its  familiar  violet  color,  while  ; 
the  oxiiodide  is  precipitated  in  clouds,  forming  a  most  beaotiv  \ 
ful  phenomenon.  So  also  when  the  greenish ryellow  solntion  ; 
(above  described)  of  the  iodide  in  bisulphide  of  carbon  is  ex- 
posed to  the  air  and  light,  it  rapidly  becomes  colored  red  from 
the  liberation  of  iodine,  and  at  the  same  time  turbid  from  the 
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in 


OBJtioQ  of  the  insoluble  oxi-iodide.  Even  the  crvstals  of 
ide  of  antimony,  when  kept  in  the  light,  slowlj  become 
que  from  the  formation  of  the  same  oxi-iodide  ;  white  the 
»r  and  staining  of  the  stopper  of  the  bottle forniah  abundant 
■of  of  the  liberation  of  iodine.  The  study  of  these  phe- 
oena  was  most  interesting,  and  the  results  obtained  will  be 
cribed  in  another  paper.  It  is  sufficient  for  the  present  to 
'  that  they  pointed  out  to  us  a  great  source  of  impurity  ta 
ide  of  antimoay,  and  fully  explained  the  want  of  accordance 
3UT  analysea  of  the  crystals  of  this  substance  as  first  pre- 


td.  It  was  evident  that  we  could  only  hope  to  purify  the 
terial  by  distilling  or  subliming  it  in  an  atmosphere  of 
rt  gas ;  and  we  devised  the  apparatus  represented  in  the  ac- 
npanyine  figure  tor  this  purpose,  which  we  have  since  found 
■y  generally  useful  for  all  sublimations  where  the  temperature 
'aired  does  not  exceed  that  which  can  be  measured  with  a 
rcni^  thermometer.  The  apparatus  has  been  already  refer- 
1  to,  and  requires  no  further  description.  It  was  a  simple 
dification  of  the  apparatus  used  before  for  drying  at  a  regu- 
sd  temperature  the  precipitates  of  sulphide  of  antimony, 
icb,  as  we  have  states,  was  so  arranged  tuat  the  character  of 
r  sublimates  which  might  be  given  off  could  be  observed. 
i  used  the  same  glass  tube  passing  through  the  sheet-iron 
-bath,  with  its  transparent  mica  cover,  only  we  added  a  com- 
□  glass  adapter,  selected  so  that  its  mouth  just  fitted  over 

open  end  of  the  tube.  A  platinum  nacelle  containing 
ide  of  antimony,  which  had  already  been  purified  by  crys- 
ization,  was  placed  in  the  tube  within  the  air-bath,  but  near 

open  mouth  ;  and,  while  a  current  of  dry  carbonic  dioxide 
OQ^h  the  apparatus  waa  steadily  maintained,  the  air-bath 
I  heated  by  a  gas  lamp  to  the  required  temperature  which 
I  iodicated  by  a  thermometer  as  shown  in  our  figure.  Iodide 
antimony  is  sensibly  volatile,  even  at  100°  ;  and  long  before 
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it  reaches  its  melting  point,  167®,  the  evaporation  becomes  very 
marked.     As  soon  as  melted,  it  sublimes  quite  rapidly ;  and  we 
obtained  the  best  results  by  keeping  the  temperature  between 
180**  and  200°,  and  by  shifting  tne  adapters  we  used  as  receiv- 
ers, it  was  easy  to  collect  the  dilBFerent  portions  of  the  subli- 
mate.   We  thus  obtained  crystals  of  two  isomeric  modifications 
of  iodide  of  antimony  :  the  more  abundant  in  large  hexagonal 
plates,  often  half  an  inch  or  more  in  diameter,  perfectly  trans- 
parent, and  of  the  most  brilliant  ruby-red  color ;  the  other  in 
small  rhombic  plates,  having  the  same  peculiar  greenish-yellow 
color  as  the  solution  of  the  iodide  already  mentioned.     The 
amount  of  the  last  was  always  small,  but  it  was  larger  in  pro- 
portion as  the  temperature  was  lower.     This  new  and  most 
interesting  product  will  be  described  in  the  paper  just  referred 
to.     Of  these  crystals,  the  most  brilliant,  chiefly  of  the  red  va- 
riety, were  selected  for  analysis.     The  iodine  determinations 
were  conducted  in  all  respects  like  those  of  chlorine  and  bro- 
mine.    The  iodide  was  first  dissolved  by  a  very  concentrated 
solution  of  tartaric  acid,  and  then  the  solution  was  diluted  to 
the  required  extent     The  same  care  was  taken  not  to  add 
more  than  a  very  slight  excess  of  argentic  nitrate,  and  the 
amount  required  was  accurately  weighed  out   in  each  case. 
Each  of  the  determinations  was  made  with  a  separate  prepara- 
tion in  so  far  as  it  was  a  product  of  a  separate  sublimation ; 
but  the  material  sublimed  was  essentially  the  same  in  all  cases, 
— a  mixture  of  the  products  of  many  crystallizations  from  the 
crude  material  made  as  described  above.     The  results  are  col- 
lected in  the  following  table  : 

Analysis  of  Iodide  of  Antihont. 

lODINB  DBTEBMINAnOVS. 

^  WtofSbl,,        WtofAgl,        jr  of  Iodine,  Varietv 

^^'  grams.  gramn.        1=127,  Ag=  108.      v»"«V- 

1.  11877  1-6727  76110  Pure  red. 

2.  0-4610  0-6497  76*161  Chiefly  yellow. 

3.  3-2527  4-6716  76-966  Pure  rel 

4.  1-8068  2-6389  76939  Pure  red. 

6.  1*6970  2-2466  76*990  Red  and  yellow. 

6.  2-3201  3-2646  76-040  Pure  red, 

7.  0-3496  0-4927  76-161  Chiefly  yellow. 

Mean  value 76*06 1 

Theory  Sb=:  120,  requires 76-047 

Theory  Sbm  122,        "       76*744 

If  iu  calculating  the  results  of  these  iodine  determinations  we 
use  the  atomic  weights  of  Stas,  1=126*86  and  Ag=  107*98,  the 
mean  value  would  be  76*034,  and  the  corresponding  atomic 
weight  of  antimony  119'95. 
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The  diflTerence  (0*004)  between  the  first  mean  value  and 
theory— corresponding  to  only  aboat  t%  of  a  milligram  in  the* 
largest  amount  of  argentic  iodide  weighed — is  evidently  insig- 
oificant,  so  that  these  results  confirm  the  lower  value  of  the 
atomic  weight  of  antimony  as  closely  as  did  the  analyses  of  the 
bromide. 

As  we  have  already  intimated,  our  analyses  of  the  iodide 
of  antimony,  as  first  crystallized  from  bisulphide  of  carbon, 
Yielded  very  discordant  results.  These  we  give  in  the  table 
\)elow,  not,  as  before,  in  the  exact  order  in  which  the  analyses 
were  made,  but  in  the  order  of  the  several  values,  so  as  to 
exhibit  the  distribution  of  the  errors. 

Akaltbbs  of  Crtstallizbd  Antimokious  Iodidb,  bbd  varibtt. 

Na  %  of  Iodine. 

1 76-71 

2 75-76 

8 76-78 

4 76-80 

5 76-84 

6 76-86 

7 76-87 

8 75-89 

9 75-94 

Mean  value 75-83 

Theory  Sb=122 75-74 

Theory  Sb=:120 76'05 

The  cause  of  this  discordance  we  attributed,  as  we  have  inti- 
mated, chiefly  to  the  remarkable  readiness  with  which  iodide  of 
antimony  undergoes  oxidation  in  contact  with  the  air,  resulting 
in  the  formation  of  oxi -iodide  of  antimony  and  free  iodine, 
thus : — 

2SbI,  +  0-0  =  2SbOI  +  2l-L 

While  the  free  iodine  escapes,  the  oxi  iodide  remains  as  an  im- 
purity in  the  preparation,  and  the  efiect  is  a  replacement  of  a  por- 
tion of  its  iodine  by  oxygen.  Now,  since  eignt  parts  of  oxygen 
replace  one  hundred  and  twenty-seven  parts  of  iodine,  it  can 
readily  be  seen  that  an  otherwise  almost  imperceptible  amount  of 
oxidation  would  be  sufficient  to  produce  all  the  variation  from  the 
normal  composition  which  the  above  results  present  A  simple 
calculation  will  show  that  an  absorption  of  only  TivT^^s  o^  one 
per  cent  of  oxygen,  or  less  than  half  a  milligram  bv  each  gram 
of  iodide  of  antimony,  would  reduce  the  percent  oi  iodine  from 
the  theoretical  value,  76  047,  to  the  mean  of  the  above  results, 
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.75"882  ;  and  that  a  corresponding  absorption  of  three-quarters 
of  a  milligram  would  reduce  the  per  cent  to  76*700,  the  lowest 
observed.  It  is  not,  therefore,  surprising  that  we  could  obtain 
concordant  results  only  with  material  which  had  been  both 
purified  by  crystallization  and  also  recently  sublimed. 

Returning  now  to  discuss  again  the  cause  of  the  disagree- 
ment of  the  analyses  of  antimonious  chloride  with  our  otherwise 
consistent  results  in  regard  to  the  atomic  weight  of  antimony, 
it  was  obvious  that  the  strong  hygroscopic  power  of  the  chloride 
must  lead  to  a  replacement  precisely  similar  to  that  which  is 
produced  in  the  iodide  by  direct  oxidation  ;  for,  as  we  have 
before  said,  the  crystals  of  antimonious  chloride  cannot  be 
exposed  to  the  atmosphere  for  an  instant  without  absorbing  a 
perceptible  amount  of  moisture,  and  every  molecule  of  water 
thus  absorbed  reacts  on  a  molecule  of  the  chloride,  thus: — 

SbCl3+  H20  =  SbOCl  +  2HCI 

And  when  the  antimonious  chloride  is  boiled,  the  hydrochloric 
acid  formed  is  given  oflF,  while  the  oxichloride  I'emains  behind, 
dissolved  in  the  great  mass  of  the  liquid.  Indeed,  it  seems 
impossible,  with  our  ordinary  appliances,  to  prepare  or  purify 
antimonious  chloride  without  its  becoming  contaminated  with 
oxichloride;  and  our  experiments  would  indicate  that  when 
once  it  has  been  formed,  as  above  described,  in  the  mass  of  the 
material,  it  cannot  be  wholly  removed  by  distillation  or  crys- 
tallization, however  often  these  processes  may  be  repeated. 

Naturally,  our  attention  was  very  early  called  to  this  obvious 
source  of  impurity  in  the  antimonious  chloride  we  prepared: 
and  we  noticed  from  the  first  that,  even  after  the  material  had 
been  many  times  distilled,  there  was  always  left,  on  repeating 
the  process,  a  very  small  amount  of  dark -colored  residue.  We 
had  examined  the  residue,  and  found  that  it  was  a  mixture  of 
chloride  and  oxichloride  of  antimony,  colored  by  a  trace  of  car- 
bonaceous material ;  and  we  had  made  a  long  series  of  analyses 
for  the  purpose  of  studying  the  elBTect  produced  by  the  action 
we  have  described.  The  result  of  these  analyses  is  given  in 
the  following  table.  We  started  with  material  already  purified 
by  fractional  distillation  and  crystallization,  and  distilled  it  ten 
times  in  succession  ;  not,  however,  carrying  the  distillation  to 
absolute  dryness,  but  leaving,  so  far  as  we  could  judge  by  the 
eye,  about  the  same  amount  of  residue  in  the  retort  each  time. 
These  residues  we  analyzed,  as  we  did  also  the  final  distillate. 
The  material  first  distilled  was  the  same  as  that  marked  c  in 
the  table  on  page  47,  and  we  assumed  that  the  average  of  tlie 
results  there  given  truly  represented  its  composition. 
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Analyses  of  Antimonious  Chlobidb. 

RsSmUBS  AND  DiBTILLATBS. 

%  of  Chlorine. 

ori^nal  purified  preparation 46*64 

residue  of  Ist  distillate 45*71 

"  2d  "       46-66 

"  3d  " 46-03 

*'  4th         " 46-26 

**  6th         "       46-26 

**  6th         "       4600 

**  7th         "       4603 

«  8th         "        46-94 

"  9th         "        46-66 

"  10th         "       46-^9 

last  distillate 46*62 

Ithough,  under  the  circumstances,  we  could  not  expect 
t  precision,  yet  it  was  evident  from  these  analyses  that  the 
QDt  of  impurity  in  the  residues  was  not  diminished  by  the 
essive  distillations  ;  and  we  therefore  concluded  that  addi- 
il  oxichloride  of  antimony  must  be  formed  each  time  dur- 
the  very  short  contact  with  the  atmosphere  which  the 
jfers  between  the  several  distillations  necessarily  involved. 

on  the  other  hand,  the  very  remarkable  fact  that  these  ten 
Rations  produced  no  sensible  change  in  the  composition  of 
^reat  mass  of  the  material  seemed  to  indicate  equally  clearly 

this  action  of  the  atmosphere  had  no  perceptible  influence 
he  final  result;  and  this  opinion  was  still  further  strength- 
i  when,  on  twice  distilling  portions  of  the  last  distillate,  at 
w  temperature,  in  a  current  of  dry  hydrogen,  we  obtained 
lacts  given  again — very  nearly  at  least — the  same  per  cent 
ilorine.  And,  lastly,  when  to  all  this  evidence  were  added 
results  of  the  complete  analysis  of  the  chloride,  showing  an 
ant  of  antimony  which  fully  supplemented  the  very  eon- 
t  per  cent  of  chlorine,  the  assumption  that  any  material 
unt  of  impurity  could  be  present  appeared  wholly  unten- 
.  Yet  we  have  seen  how  this  assumption  was  forced  back 
n  us  by  the  subsequent  results  of  the  investigation, 
etuming  to  the  subject  after  our  experiments  with  iodide 
Qtimony,  we,  for  the  first  time,  fully  appreciated  how  very 
il  an  amount  of  oxygen — the  only  real  impurity  present — 

required  to  reduce  \he  per  cent  of  chlorine  in  antimonious 
►ride  from  47*02,  the  amount  corresponding  to  Sb=120,  to 
►1,  which  corresponds  to  Sb=122 ;  lor,  while  the  effect  is  so 
5rently  produced,  yet  the  result  of  the  action  of  the  atmos- 
re  on  the  chloride  of  antimony  is  wholly  like  that  of  its 
3n  on  the  iodide.  It  ends  in  replacing  a  small  amount  of 
»rine    by  oxygen;   and   although,  in  consequence  of  the 
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smaller  atomic  weight  of  chlorine,  it  requires  in  this  last  case  a 
larger  replacement  to  produce  a  corresponding  change  of  per- 
centage composition,  yet  still  the  amount  required  to  make  all 
the  ditFerence  in  question  is  very  small ;  so  that,  when  we  come 
to  sum  up  the  supposed  completed  results  (as  on  page  47),  it 
might  easily  be  covered  up  bv  slight  inaccuracies  of  the 
analytical  work.  An  easy  calculation  will  show  that  the  sub- 
stitution of  but  yV/a  of  one  per  cent  of*  oxygen  for  the  equiva- 
lent amount  of  chlorine  would  reduce  the  per  cent  of  this  last 
element  in  the  chloride  from  47*020,  corresponding  to  Sb=120, 
to  46*608,  which  corresponds  to  Sb=122  ;  and  such  a  substitu- 
tion would  result  from  the  absorption  of  only  ly*j  milligram  of 
water  bv  each  gram  of  the  chloride.  The  composition  of  the 
material  would  then  be  as  follows : — 

CoMPOsmoN  OF  Antimonious  Chloride  with  VWV  ^^^  obnt  op 

O  WHEN  Cl=z36*5  and  Sb=120. 

Chlorine 46*608 

Oxygen •1*46 

Antimony 53*246 


100-000 


Now  it  will  be  seen  by  referring  to  the  tables,  on  pages  47  and 
48,  that  these  percentages  do  not  difier  from  the  mean  of  the 
results  of  our  previous  analyses  as  much  as  these  results  differ 
among  themselves ;  and  we  therefore  determined  to  repeat  these 
analyses,  hoping  that  the  experience  we  had  acquired  in  both 
chlorine  and  antimony  determinations  would  now  enable  us  to 
obtain  results  sufficiently  sharp  to  show  even  the  small  differ- 
ences of  composition  which  the  substitution  in  question  would 
produce. 

Meanwhile,  we  instituted  a  series  of  experiments  with  a  view 
of  studying  the  decomposition  which  the  oxichloride  of  anti- 
mony undergoes  under  the  action  of  heat,  in  the  hope  that  we 
might  thus  discover  some  method  by  which  the  amount  of  oxi- 
chloride of  antimony  in  our  preparations  might  be  directly  de- 
termined. For  this  purpose,  we  used  first  crystallized  SbOCl, 
obtained  by  the  action  of  alcohol  on  chloride  of  antimony  in  a 
sealed  tube,  which  we  weighed  out  into  a  platinum  Nacelle,  and 
heated  to  various  regulated  temperatures,  using  for  this  pur- 
pose the  apparatus  already  described.  It  appeared  that  the  de- 
composition took  place  in  two  stages.  The  first  stage  of  the 
decomposition  began  between  167°  and  176^  but  was  not  com- 
pleted until  between  260®  and  280°.  The  second  st&ge  b^an 
at  about  820°,  but  required  for  its  completion  a  red  heat  Dur- 
ing both  stages,  chloride  of  antimony  sublimed ;  and  there  was 
left  in  the  nacelle  at  the  close  of  the  process  beautiful  crystals 
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of  SbjO,.  In  another  experiment,  we  used  crystallized 
Sb.O^Cl,,  prepared  in  the  same  way  as  the  SbOCl,  but  with 
different  proportions  of  alcohol  and  chloride  of  antimony.  In 
this  case,  the  decomposition  did  not  begin  until  820°,  but  in 
other  respects  both  the  process  and  the  products  were  as  in  the 
first  experiment  It  was  quite  evident  that  the  chemical 
changes  which  took  place  in  the  two  stages  of  decomposition 
we  have  noticed  were  represented  by  the  following  reactions: 

First  stage:  6SbOCl=Sb^O,Clj+SbCl3 ;  (1) 

Second  stage :        3Sb^05Cl,=6Sba03+2SbCl3 ;       (2) 

bat  the  relative  weights  observed  in  the  first  two  experiments 
were  of  no  value,  because  it  was  evident  that  a  no  inconsider- 
able amount  of  Sb^O,  was  lost  by  sublimation.  Since,  how- 
ever, the  small  sublimate  of  oxide  condensed  in  the  glass  com- 
bastion-tube  very  much  nearer  the  nacelle  than  the  very  much 
larger  sublimate  of  chloride,  we  varied  the  apparatus  in  our 
third  experiment  so  far  as  to  place  the  nacelle  in  a  tube  of  the 
shape  represented  in  the  accompanying  figure.  This  tube  was 
weighed  with  the  nacelle,  ana  was  so 


selected  that  it  quite  closely  fitted  the      OCZ!^  y-         7  f 
combustion- tube  within  which   it  was  


placed  for  heating,  as  shown  in  figure  by  dotted  lines.  And  it 
IS  evident  that,  while  with  this  arrangement  the  SbCI,  would 
be  swept  by  the  CO,  gas  into  the  colder  portion  of  the  combus- 
tion-tuoe,  the  greater  part  at  least  of  the  sublimed  oxide  would 
be  retained  in  the  small  tube,  which  was  of  course  at  each  stage 
weighed  with  the  nacelle,  as  at  first  Our  results  were  as  fol- 
lows : — 

Weight  of  SbOCl 0-4939  grams. 

Loss  at  280** 0-1271 

Required  by  theory  of  reaction  1,  if  Sb=120 0*1305 


Total  loss  at  red  heat;  that  is,  in  both  stages 0*2179 

Required  by  theory  of  reactions  1  and  2 0*2174 

It  was  evident  from  this  determination  that  the  order  of  the 
decomposition  was  precisely  that  indicated  by  our  reactions, 
although  the  end  of  the  first  stage  was  not  quite  so  sharply 
marked  as  the  end  of  the  second ;  and  this  would  naturally  be 
expected. 

As  the  residues  obtained  on  distilling  chloride  of  antimony 
showed,  when  further  heated,  precisely  the  same  order  of  phe- 
nomena which  we  have  jusc  described,  and  when  heated  to  red- 
ness yielded  the  same  crystals  of  oxide  of  antimony  as  before, 
it  was  plain  that  the  residue  left  on  evaporating  the  chloride  at 
a  temperature  not  exceeding  120°  was  chiefly  at  least  SbOCl ; 
bat  that  this  when  heated  more  intensely  was  converted  into 
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Sb^OjClj  before  the  temperature  reached  280°,  and  finally  at 
a  red  heat  was  convertea  wholly  into  Sb^Oj.  We  therefore 
endeavored  to  determine  the  amount  of  oxiehloride  in  one  of 
our  preparations  of  chloride  of  antimony  by  distilling  a  weighed 
amount  from  a  platinum  nacelle  at  as  low  a  temperature  as  pos- 
sible in  a  current  of  dry  carbonic  acid,  and  heating  the  residue 
to  a  temperature  of  about  275°.  We  thus  obtained  the  follow- 
ing results : — 


No. 

wt  of  sba,. 

Residue. 

%  of  residue  Sb40«Clf 

1. 

6-7286 

0-0212 

0316 

2. 

4-6150 

0-0161 

0-334 

8. 

7-9320 

0-0268 

0-826 

In  order  to  yield  0*146  per  cent  of  oxygen,  which  would 
reduce  the  per  cent  of  chlorine  in  the  preparation  from  47-020 
to  46*608,  as  in  the  scheme  on  page  116,  there  would  be  required 
1-155  pier  cent  of  Sb^O^Cl,. 

Although  the  results  of  the  above  determinations  accord 
within  a  few  per  cent  of  the  quantity  estimated,  yet  it  was  per- 
fectly clear  during  the  course  of  the  experiments  that  they  did  not 
at  all  represent  the  total  quantity  of  the  oxiehloride  present  in 
the  preparation  examined.  Not  only  was  the  composition  of 
the  preparation  not  materially  altered  by  the  slow  distillation, 
— a  fact  shown  by  the  determinations  marked  e  in  the  table  on 
page  47,  and  by  which  we  were  misled  at  the  outset, — but  also 
the  product  from  our  distillation  yielded  when  distilled  again 
apparently  as  much  residue  as  before.  In  a  word,  we  found 
the  same  phenomena  repeated  in  these  distillations  at  a  low  tem- 
perature which  had  been  so  noticeable  when  the  chloride  was 
distilled  at  its  boiling  point,  and  which  are  so  strikingly  illus- 
trated by  the  results  given  on  page  115.  It  is  possible,  as 
before  suggested,  that  the  effects  might  arise  from  a  small  addi- 
tional absorption  of  water  at  the  successive  transfers  which  the 
repeated  distillations  involved;  or,  in  the  later  experiments, 
from  the  circumstance  that  the  very  extensive  apparatus  era- 
ployed  for  drying  the  carbonic  dioxide  was  not  completely 
effectual.  Still,  now  that  our  attention  has  been  called  to  the 
danger,  and  we  had  taken  unusual  precautions  on  both  these 
points,  the  explanations  suggested  did  not  seem  to  us  sniBcient; 
and  we  came  to  the  conclusion  that  the  oxiehloride  must  distil 
over  with  the  chloride  of  antimony  tr)  a  certain  limited  extent, 
and  that  it  was  only  an  excess  above  this  definite  amount  which 
was  left  behind  as  residue.  Of  course,  SbOCl  not  only  is  not 
volatile,  but  is  at  once  decomposed  by  heat;  and  we  do  not 
suppose  that  this  compound  by  the  tension  of  its  own  vapor  is 
carried  over  in  distillation.  It  is  a  very  dilute  solution,  as  it 
were,  of  SbOCl  in  SbClg  which  thus  dfistils ;  and  the  distilla- 
tion of  the  oxiehloride  may  resemble  the  carrying  over  of 


Na 

Wt  of  SbBr,. 

1. 

2-8342 

2. 

2-0220 

3. 

4-6730 
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boracic  acid  by  the  vapor  of  water,  and  similar  phenomena,  the 
result,  as  it  is  has  always  appeared  to  us,  of  a  feeble  kind  of 
chemical  union  which  has  been  usually  designated  by  the  term 
"molecular  combination."  Such  a  theory  would  account  for 
the  remarkable  constancy  which  we  have  found  in  the  chlorine 
deterrnimitions  of  the  various  preparations  of  antimonious  chlo- 
ride purified  by  distillation.  But,  on  account  of  the  very  great 
difficulty  of  removing  all  possible  disturbing  causes,  we  found 
it  impossible  to  obtain  a  rigid  experimental  demonstration  of 
our  tneory  without  much  more  time  and  labor  than  we  could. 
then  command.  We  hope  to  return  to  the  subject  hereafter. 
Meanwhile,  however,  it  was  evident  that  we  could  place  no  reli- 
ance whatever  on  the  results  just  obtained.  Nevertheless,  the 
determinations  were  of  value  on  account  of  the  contrast  be- 
tween these  results  and  those  of  a  similar  series  of  experiments 
on  the  residues  from  antimonious  bromide  which  we  collect  in 
the  following  table:  — 

Residue  chiefly 

SbiOftBra.  %  of  residue. 
0-0010  0-036 

0-0006  0-030 

00010  0-021 

As  will  be  seen,  this  residue  is  less  than  one-tenth  of  that 
obtained  from  the  chloride,  and  is  practically  insignificant. 
Evidently,  then,  in  the  determination  of  the  atomic  weight  of 
antimony  more  accurate  results  may  be  expected  from  the  anal- 
ysis of  the  bromide  than  from  the  analysis  of  either  the  chlo- 
ride or  the  iodide  of  this  element  The  intermediate  position  of 
the  bromide  renders  it,  in  a  very  remarkable  way,  the  most 
stable  of  the  three  compounds.  It  absorbs  moisture  far  less 
eagerly  than  the  chloride,  and  it  absorbs  oxygen  far  less  read- 
ily than  the  iodide,  a'hd  is  thus  in  great  measure  protected 
against  each  of  these  two  sources  of  the  same  impurity. 

We  come  finally  to  the  new  analyses  of  antimonious  chlo- 
ride we  had  undertjiken.  Fortunatel}'^,  some  of  the  old  prepara- 
tion that  had  been  distilled  so  often  had  been  presei-ved.  It 
had  been  boiled  for  a  long  time  since  the  last  analyses  were 
made,  and  kept  in  the  same  flask  used  for  determining  its  boil- 
ing point,  which  had  stood  meanwhile  tightly  corked  in  a  desic- 
cator over  sulphuric  acid.  The  solid  mass  in  the  flask  was 
easily  broken  up  without  exposure  to  the  air  by  simply  heating 
it  to  the  melting  point,  and  shaking  it  in  the  flask  as  soon  as, 
beginning  to  melt;  the  mass  had  separated  from  the  glass. 
Near  its  melting  point,  chloride  of  antimony  becomes  very  fria- 
ble^ and  is  thus  easily  reduced  to  coarse  powder,  whence  prob- 
ably the  old  alchemistic  name  of  butter  of  antimony.  It  is 
also  worthy  of  notice  that  neither  the'  bromide  nor  the  iodide 
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acts  in  this  way,  as  we  found  out  in  more  than  one  instance  to 
our  cost. 

Thus  we  were  readily  able  to  prepare  our  material  for  analy- 
sis, and,  by  a  thorough  mixing  of  the  mass,  to  insure  that  the 
several  samples  taken  had  a  uniform  composition.  In  r^ard 
to  the  antimony  determination,  no  further  aetails  are  necessary. 
It  was  conducted,  as  described  before,  with  every  minute  pre- 
caution which  experience  had  suggested ;  and  we  give  the  full 
details,  in  order  to  show  how  completely  we  had  been  able  to 
overcome  the  diflSculties  which  it  at  first  presented,  and  we  feel 
confident  that  there  is  no  process  of  wet  analysis  which  is  capa- 
ble of  giving  more  accurate  results  than  this. 

Details  of  Antimont  Dbtebmikation. 

The  antimonious  chloride  was  first  transferred  to  a  very  care- 
fully dried  weighing  tube,  and  thence  to  the  large  nask  in 
which  it  was  dissolved.  The  transfer  to  the  weighing  tube  was 
made  in  a  dry  atmosphere,  and  only  required  two  or  thi^ee  sec- 
onds. It  is  evident,  however,  that  a  slight  absorption  of  mois- 
ture at  this  point  is  not  important;  for,  even  if  it  increased  the 
apparent  weight  of  the  assay  bv  several  milligrams,  it  would 
only  reduce  to  a  barely  perceptible  extent  the  percentages  of 
all  the  constituents  leaving  the  relative  values  wholly  un- 
changed. It  is  only  when,  on  boiling  the  chloride,  after  such 
an  absorption,  the  chlririne  is  driven  off,  that  the  essential 
change  of  composition  results. 

Weight  of  tube  and  antimonious  chloride.. 20*9600  grams. 
"  "     after  transfer  to  flask 16-3920       " 


"      chloride  analyzed • 4*5689       ** 

The  weight  of  the  tube  and  chloridp  while  on  the  balance 
pan  remained  invariable  for  a  sufticient  length  of  time  to  give 
positive  assurance  of  the  constancy  of  the  weights.  The  chlo- 
ride was  dissolved  in  a  saturated  solution  of  tartaric  acid  con- 
taining about  15  grams  of  the  pure  acid,  and  then  diluted  with 
carbonic  acid  and  water  and  precipitated  as  before  described. 
The  precipitate,  having  been  washed  and  collected  as  before, 
was  aried  in  an  air  bath,  at  about  110®. 

Weight  of  small  filter 0*0434  grams. 

"  porcelain  crucible 101-2132       " 


101*2666       ** 
"  crucible  and  precipitate 104*6762       " 

"  red  sulphide  of  antimony 3*4 1 96       " 

A  portion  of  the  drie(J  precipitate  dissolved  in  hydrochloric 
acid  gave  no  residue.     The  rest  was  then  transferred  to  a  pla- 
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tinum  nacelle,  and  heated,  as  has  been  described,  in  a  current 
of  dry  carbonic  dioxide  gas.  No  sublimate  was  formed,  and 
only  a  very  slight  empyreuraatic  odor  could  be  perceived. 

Weight  of  platinum  nacelle 6-2493  grams. 

"  nacelle  and  dried  precipitate 9'6273      " 

"  portion  taken .3-2780  " 

*^  nacelle  and  precipitate  after  heating  to 

285°  for  over  half  an  hour 9-6234  " 

Loss  of  weight  of  portion  taken 0*0089  " 

Corresponding  loss  for  whole  precipitate 0*0041      " 

Weight  of  rea  sulphide  as  above 3-41 96      " 

**  gray  sulphide !. ..3-4166      ** 

The  carbonaceous  residue  left  on  dissolving  this  whole 
amount  of  gray  sulphide  in  hydrochloric  acid  was  barely  per- 
ceptible. It  was  collected,  however,  as  usual,  on  a  weigned 
paper  disk,  and  estimated. 

Weight  of  small  paper  filter 0*0198  grams. 


u 


M 


same 


with  residue .0*0212      " 


residue 0*0014      " 


Calculated  for  whole  precipitate 0-00 1 6      " 

Weight  of  gray  sulphide  as  above '..-. 3-4156      " 

Total  weight  of  gray  sulphide 3*4140      " 

Corresponding  weight  of  antimony  assumed  to  be 

^  of  the  sulphide-... 2-4386      " 

Per  cent  of  antimony  in  the  antimonious  chloride 

under  examination 53-374        " 

It  will  be  noticed  that  this  result  is  practically  identical  with 
the  mean  of  the  previous  determinations,  which,  as  will  be  seen 
by  reference  to  the  table  on  page  48,  w^s  53'401 ;  and,  by 
reviewing  the  facts  stated  in  that  connection,  it  will  be  per- 
ceived that  this  agreement  is  in  itself  alone  a  strong  confirma- 
tion of  the  conclusion  which  we  deduced  from  our  first  experi- 
ments on  the  synthesis  of  the  gray  sulphide  of  antimony, — 
that  of  the  two  values  of  the  atomic  weight  of  antimony  in  ques- 
tion, the  lower  is  the  more  exact. 

Coming  next  to  the  chlorine  determin«ations,  we  noticed,  for 
the  first  time,  an  effect  which,  under  certain  circumstances,  may 
have  an  important  influence  on  the  accuracy  of  this  well-known 

f  recess,  as  employed  in  the  analysis  of  chloride  of  antimony. 
D  a  precipitate  of  argentic  chloride  that  had  been  deposited 
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from  an  unusually  concentrated  solution  of  antimonious  chloride 
in  tartaric  acid,  and  had  stood  over  night,  our  attention  was 
called  to  some  crystalline  grains,  which,  on  examination,  proved 
to  be  a  compound  of  tartaric  acid,  antimony  and  silver.  We 
soon  found  that  this  product  could  be  reieulily  obtained  by 
concentrating  the  filtrate  from  the  precipitate  of  argentic 
chloride,  and  adding  to  it,  while  still  warm,  an  excess  of 
argentic  nitrate.  On  cooling,  the  new  crystals  form  in  abun- 
dance. They  have  not  yet  been  measured,  but  under  the 
microscope  they  have  the  general  aspect  of  right  rhombic  plates 
or  prisms,  with  hemihedral  modifications, — ^a  general  form  which 
is  so  characteristic  of  the  tartrates,  and  which  we  ourselves 
have  previously  studied  in  our  crystallographic  determinations 
of  the  tartrates  of  rubidium  and  caesium.*  We  obtained  for 
the  amount  of  silver  in  the  crystals,  as  a  mean  of  three  analyses, 
26-30  per  cent  The  compound  Ag,  SbO,H,=0,=(C,H,0,). 
HjO  would  require  26*34  per  cent.  The  crystals  may  there- 
fore be  regarded  as  tartar  emetic,  in  which  the  potassium  has 
been  replaced  by  silver;  and  they  resemble  the  crystals  of  this 
well-known  salt  in  general  form.  They  are  evidently  the  same 
substance  obtained  by  Walla uistf  by  precipitating  nitrate  of 
silver  with  tartar,  emetic,  ana  analyzed  both  by  him  and  by 
Dumas  and  Piria.  These  chemists  obtained  respectively  27*31 
and  2805  per  cent  of  oxide  of  silver,  which  corresponds  with 
the  result  given,  above  as  closely  as  could  be  expected;  but 
they  appear  to  have  prepared  the  substance  only  m  an  amor- 
phous condition.  At  least,  in  the  description  quoted,  no  men- 
tion is  made  of  any  crystalline  form. 

These  crystals  of,argento-antimonious  tartrate  are  apparently 
not  acted  upon  in  the  least  by  cold  water,  and  only  slightly  by 
boiling  water;  and  finding  this  very  insoluble  material  mixed 
with  the  precipitated  chloride  of  silver,  under  the  conditions 
stated,  we  were  led  to  fear  that  it  might  be  occluded  to  some 
extent  by  this  precipitate,  even  when  formed  in  much  more 
dilute  solutions  of  antimony  and  tartaric  acid.  The  phenom- 
enon was  very  similar  to  that  we  had  already  studied  in  the 
occlusion  of  the  oxichloride  by  the  sulphide  of  antimony;  and 
there  was  reason  to  fear  that,  as  in  the  previous  case,  an  occlu- 
sion of  this  double  tartrate  might  result,  even  when  the  sub- 
stance would  not  otherwise  be  precipitated.  How  far  such  an 
action  could  have  vitiated  our  previous  results,  it  was,  of  course, 
now  impossible  to  determine;  but,  as  we  previously  stated,  we 
had  always  taken  great  care  not  to  add  more  than  the  slightest 
possible  excess  of  argentic  nitrate,  and  this  was  especially  true 
m  our  more  recent  determinationa     Now,  however,  we  were 

♦  Am.  Jour,  of  Science  and  Arts,  II,  xxzvii,  70. 
f  Grmelin  Handbook,  Cavendish  Edition,  x,  326, 
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on  our  guard,  and  in  the  following  determinations  very  great 
pains  were  taken  to  add  just  the  requisite  amount  of  the  silver 
salt,  and  the  argentic  chloride  was  subsequently  examined  for 
traces  of  any  such  occlusion.  But,  excepting  this  close  atten- 
tion to  well-known  precautions,  the  determinations  were  made 
in  the, same  way  as  before. 

Analysis  of  Anhmonious  Chloride. 

Now  Wt.  of  SbCl,.  Wt  of  AgOl.  %  of  Chlorine. 

1.  2-2220  4-1682  46-407 

2.  1-9458  3-6612  46*420 

Mean  value 46-413 

Bringing  now  the  results  together, — estimating  the  iiraount 
of  oxygen  by  difference,  as  is  usual  in  chemical  analysis,  and 
calculating  what  would  be  the  composition  of  a  preparation  of 
antimonious  chloride  in  which  yV/ir  of  a  per  cent,  of  oxygen 
bad  replaced  an  equivalent  amount  of  chlonne,  assuming,  of 
course,  Sb  =  120  and  CI  =  86*5, — we  obtain  the  following  veiy 
striking  accordance: — 

A_-i_,.  Theory. 

-^^^^^  Sb  =  120,  CI  =  36-6 

Chlorine 46413  46-418 

Oxygen -213  •       -213 

Antimony 63*374  63-369 

100-00(1  100-OOU 

The  general  conclusions,  then,  which  we  deduce  as  the 
results  of  this  investigation,  are — 

First,  that  the  value  of  the  atomic  weight  of  antimony  found 
by  Schneider  in  1856 — Sb=120  3 — must  be  accurate  within  a 
few  tenths  of  a  unit,  but  that  the  most  probable  value  of  this 
constant,  as  deduced  from  our  experiments,  is  Sb=120,  when 
S=82. 

Secondly,  that  the  apparent  disagreement  with  this  result, 
presented  by  the  partial  analyses  of  antimonious  chloride,  is 
probably  due  to  the  constant  presence  of  oxichloride  in  the 
preparations  of  this  compound. 

The  investigation  from  the  first  has  been  a  study  of  constant 
errors;  and  those  who  have  followed  us  through  the  details 
will  certainly  allow  that  the  opinions  expressed  at  the  beginning 
of  this  paper  (on  page  42)  were  not  hastily  conceived,  even  if 
they  do  not  fully  agree  with  our  conclusions.  In  the  attempts 
to  correct  or  balance  such  errors,  we  have  found  at  once  the 
chief  difficulties  and  interest  of  our  work,  and  the  secondary 
results  thus  reached  seem  to  us  the  most  important  fruit  of  the 
whole  investigation.  Seeing,  then,  the  sources  of  constant 
error  we  have  discovered,  and  knowing  that  there  are  others 
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whose  influence  we  have  been  able  to  trace,  altboa^h  we  have 
not  been  able  to  define  tbein  as  clearly  qs  we  could  desire,  it 
would  be  presumptuous  in  us  to  express  too  great  confidence 
either  in  the  correctness  of  our  theories  or  even  in  the  conclu- 
siveness of  our  experimental  results.  Of  this,  however,  we  feel 
assured,  that  more  trustworthy  results  cannot  be  expected  from 
a  repetition  of  the  same  processes  until  a  more  complete  and 
accurate  knowledge  has  been  acquired  of  the  substances  em- 
ployed. We  have  therefore  proposed  to  ourselves  a  more 
thorough  investigation  of  the  haloid  compounds  of  antimony, 
and  the  first  results  of  this  investigation  we  shall  shortly  pub- 
lish. After  the  requisite  data  have  been  thus  collected,  we 
hope  to  return  to  the  old  problem  with  such  definite  knowledge 
of  the  relations  involved  as  will  enable  us  to  obtain  at  once 
more  sharp  and  decisive  results  than  are  now  possible. 

During  the  course  of  this  investigation,  we  have  been  suc- 
cessively aided  in  the  experimental  work  by  Dr.  F.  A.  Q-ooch, 
Mr.  C.  Richardson  and  Mr.  W.  H.  Melville,  at  the  time  students 
in  this  laboratory;  and  without  their  assistance  we  could  not 
have  accomplished  the  great  amount  of  labor  it  involved. 

Harvard  College  Laboratory,  June  12th,  1877. 
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sils ;   by  S.  W.  FOBD. 

Proiocyathus  rarus^  gen.  et  sp.  nov. 

The  fossil  form  for  which  the  above  generic  and  specific  names 
are  proposed  belongs  to  the  Archceocyalhus  group,  and  finds  its 
nearest  analogue  in  Archoeocyathellus  of  the  writer  from  the  same 
locality  and  geological  horizon.*  The  only  specimen  at  present 
known  to  me  is  but  0'22  of  an  inch  in  length  and  has  a  width  of 
onlv0*16  of  an  inch  at  the  lai*ger  extremity.  The  general  form 
is  that  of  a  minute  cone  with  the  apex  broken  oft  The  width 
at  the  smaller  extremity  is  0*12  of  an  inch,  and  of  this  fully  one- 
third  is  occupied  by  the  cup.  The  cup  itself  is  filled  with 
light  colored  limestone,  rendering  it  easily  distinguishable  from 
the  interseptal  areas,  which  are  filled  with  a  darker  colored 
material.  These  latter  appear  to  have  been  twenty-eight  in 
number.     The  radiating  septa  may  be  observed  in  two  or  three 

E laces,  and  are  seen  to  be  thin  and  delicate.  The  outer  wall 
as  been  almost  wholly  removed  and  the  portions  of  it  that  re- 
main are  much  weathered.  The  material  presented  for  study 
consists,  therefore,  of  the  solid  moulds  of  the  interseptal  spaces, 
the  cup  filled  with  limestone,  a  small  number  of  the  septa,  a 

*  This  Journal,  March,  1873. 
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transverse  section  of  the  inner  wall  and  the  impression  of  a 
considerable  portion  of  the  outer  wall.  The  latter  shows  that 
the  external  surface  when  perfect  was  longitudinally  furrowed 
as  in  ArchceoeyntheUus.  In  that  genus,  however,  so  far  as 
known,  there  are  two  rows  of  pores  along  each  of  the  furrows, 
one  on  either  side  of  the  septa;  whereas,  in  the  present  eenus 
there  appears  to  have  been  .bat  one,  and  that  placed 
directly  on  the  line  of  the  septa.  The  evidence  of  this 
consists  of  rudely  circular  holes  placed  at  regular  intervals 
along  the  middle  of  each  furrow  in  the  cast  These  ap- 
pear to  me  to  argue  the  existence  of  funnel-like  projections 
mward  of  the  outer  wall  at  the  place  of  the  openings.  That 
they  mark  the  position  of  orifices  leading  into  the  interior  ap- 
pears to  me  in  the  highest  degree  probable.  Their  position  is, 
however,  so  remarkable,  that  I  was  for  a  long  time  unable  to 
understand  the  meaning  of  them. 

On  one  side  of  the  specimen  there  are  a  small  number  of  the 
interseptal  moulds  that  project  beyond  the  others  and  one  of 
these  snows  one  of  its  lateral  faces  for  a  considerable  distance 
lengthwise,  and  also  nearly  down  to  the  outer  surface  of  the 
inner  wall.  An  examination  of  this  face  shows  that  the  cavi- 
ties observed  along  the  furrows  extend  but 
J*  a  short  distance  inward,  and  that  the  septa 

^^  arched  dround  the  funnel-like  projections  which 
they  represent  from  below,  striking  the  outer 
wall  only  at  the  intervening  spaces  (the  spaces 
between  the  dots  in  the  figure).  It  is  further 
shown  that  these  cavities  are  directed  slightly 
upward  or  toward  the  aperture  of  the  cup. 
These  characters  serve  to  distinguish  the  form  at  once  from 
Archaeocyathellus  in  which  the  septa  meet  the  outer  wall  unin- 
terruptedly. 

If  I  am  right  in  viewing  the  cavities  along  the  furrows  in 
the  cast  as  indicating  the  presence  of  external  orifices  at  these 
points,  then  it  follows  that  these  orifices  were  doubtless  func- 
tionally equivalent  to  the  double  row  of  orifices  along  the  fur- 
rows of  the  outer  wall  of  ArchoRocyathellus,  In  proof  of  this  it 
may  be  remarked  that  the  size  of*  the  cavities  indicates  that 
the  orifices  were  proportionally  considerably  larger  than  those 
or  the  only  known  species  of  Archceocyathellus  \A,  Rensselaer i- 
eus)^  while  their  position  is  such  as  to  present  no  obstacle  in 
the  waj'  of  regaraing  them  as  having  communicated  simulta- 
neously with  two  of  the  interseptal  spaces. 
The  fossils  of  this  group  have,  in   their  septate  structure 

*  Fig.  la. — A  few  of  the  interseptal  moulds  of  ProtocnaifhuB  rarua  enlarged  to 
show  the  position  of  ^e  supposed  external  orifices ;  b,  enlarged  outline  of  a  lat- 
eral face  of  one  of  the  moulds  designed  to  show  the  direction  of  the  cavities  c,  e. 
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much  the  appearance  of  corals ;  but  the  peculiar  poriferous 
structure  known  to  characterize  a  good  typical  species,  the  uni- 
form presence  of  a  large  walled  central  cavity,  and  the  exist- 
ence in  one  species  {Arc/iceoc^athus  Minganensis)  of  branched 
spiculae  would  seem  to  ally  them  more  nearly  to  the  sponges. 
I3y  the  late  lamented  Mr.  Billings,  to  whom  we  owe  our  first 
knowledge  of  these  singular  forms,  and  who  has  discussed  their 
affinities  at  considerable  length,  they  were  classed  provisionally 
with  the  sponges;  but  in  conclusion  he  remarks  that  "The  re- 
semblance between  the  whole  structure  and  that  of  the  paleozoic 
corals  seems  also  to  show  that  in  the  Lower  Silurian  sejis  forms 
existed  combining  the  characters  of  the  Protozoa  and  the  Cce- 
lenterata."*  The  existence  of  such  forms  in  our  older  deposits 
is  a  matter  of  much  interest,  and  it  is  to  be  hoped  that  contin- 
ued researches  will  add  still  further  to  our  knowledge  of  them. 

This  species  occurs  in  conglomerate- limestone  of  the  Lower 
Potsdam  group  at  Troy,  N.  Y. 

Solenopleura  nana,  sp.  nov. — Of  this  species  I  have  a  num- 
ber of  specimens  of  the  head,  but  they  are  all  more  or  less  im- 
perfect. The  largest  and  best  preserved  specimen  consists  of  a 
nearly  perfect  glabella  and  the  greater  portion  of  the  fixed 
cheeks,  and  is  but  two  lines  in  length.  The  glabella  is  nearly 
four-fifths  the  total  length  of  the  head  and  is  especially  charac- 
terized by  its  great  relief.  It  is  obtusely  conical,  slightly 
widest  behind,  and  is  well  defined  all  around  by  the  dorsal  fur- 
rows. In  a  specimen  two  lines  in  length  its  highest  point  is 
nearly  one  and  one-half  lines  above  the  base  of  the  fixed 
cheeka  It  is  marked  on  either  side  by  two  or  three  faint  fur- 
rows. The  fixed  cheeks  are  notably  convex,  but  their  relief 
does  not  exceed  one-third  of  that  of  the  glabella.  The  eyes 
are  situated  slightly  in  advance  of  the  mid-length  and  are 
connected  with  the  front  of  the  glabella  by  an  obscure  ocu- 
lar fillet  The  distance  from  the  eye  to  the  glabella  is 
nearly  equal  to  the  width  of  the  glabella  at  the  mid  length. 
The  front  margin  is  narrow  and  is  bounded  by  a  feebly  convex 
rim,  inside  of  which  there  is  a  narrow  furrow  which  graduallv 
deepens  on  either  side  of  the  median  line  in  passing  outward. 
Between  this  furrow  and  the  glabella  there  is  a  somewhat  angu- 
lar ridge  which  widens  in  passing  outward  to  the  sutures. 

The  course  of  the  facial  suture  is  nearly  the  same  with  that 
of  tSoknoplenra  brachymetopa  of  Angelin  (Palaeontologia  Scaii- 
dinavica,  PI.  xix,  fig.  1),  but  is  directed  slightly  more  inward 
in  front  of  the  eve.  The  neck-furrow  is  continuous  all  across. 
The  exact  form  of  the  neck-segment  cannot  be  miade  out, 
owing  to  the  damaged  condition  of  all  of  the  specimens  at  this 
point.     It  is  seen,  however,  to  be  less  elevated  than  in  the  ma- 

*  PaL  F088.,  YoL  i,  p.  357. 
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jority  of  the  species,  not  risiDg  above  the  surface  of  the  fixed 
cheeka  The  entire  surface  is  covered  with  a  fine  regular  gran- 
ulation. 

This  species  is  the  second  one  of  the  genus,  so  far  as  I  am 
aware,  that  has  been  described  from  American  rocks,  the  first 
one  having  been  obtained  from  strata  of  the  Acadian  epoch 
in  Newfoundland  and  described  by  Mr.  Billings.  It  occurs  in 
both  even-bedded  and  conglomerate  limestone  of  the  Lower 
Potsdam  group  at  Troy,  N.  i .,  associated  with  Olenellus,  Cono- 
coryphe  and  Microdiscma.  It  is  principally  interesting  on  account 
of  its  afibrding  another  generic  link  between  the  already 
closely  related  faunas  of  the  Acadian  and  Lower  Potsdam. 

New  York,  Oct  13th,  1877. 


.     Art.  XVIL — Note  on  LinguleUa  ccelaia  ;  by  S.  W.  Ford. 

The  above  mentioned  species,  occurring  in  the  Troy  Pri- 
mordial, has  hitherto  been  set  down  by  me  as  an  Obolella,  but 
the  evidence  now  in  hand  shows  that  it  should  be  referred  to 
the  genus  LinguleUa  of  Salter.  The  following  are  the  principal 
characters : 

The  ventral  valve  is  somewhat  elongate-ovate,  with  the  beak 
pointed,  slightly  elevated  and  conspicuously  channeled  for  the 
passage  of  the  pedicla  The  convexity  is  moderate  and  nearly 
uniform.  On  the  inside  there  are  two  prominent,  elongate, 
curved  scars,  one  on  either  side  of  the  median  line,  with  their 
concavities  directed  outward.  These  recall  by  their  form  and 
position  the  large  lateral  scars  of  the  ventral  valve  of  certain 
species  of  Obolella  (e.  g.,  0.  chromatica.)  The  other  impressions 
of  this  valve  have  not  been  made  out 

The  dorsal  valve  is  more  rotund  than  the  ventral  and  has  the 
beak  much  depressed.  The  convexity  increases  with  increas- 
ing age,  and  in  adult  specimens  is  such  as  to  sometimes  give 
the  valve  a  semi-globose  appearance.  A  shallow  depression 
extends  in  all  the  specimens  from  the  beak  to  the  front  margin, 
but  in  fully  grown  forms  it  is  often  inconspicuous.  On  the 
inside  there  are  four  prominent  ridges.  Of  these  the  more  cen- 
tral twocommence  close  to  the  median  line  a  short  distance  in 
front  of  the  beak  and  extend  into  the  forward  third  of  the 
shell  slightly  diverging  throughout,  while  the  lateral  pair  take 
their  rise  close  to  tlie  beak  and  reach  to  points  a  little  in  ad- 
vance of  the  mid-length.  There  is  also  a  short  slender  ridge 
directly  beneath  the  beak  on  the  median  line.  The  central  por- 
tion of  the  valve  in  the  upper  half  is  slightly  excavated.  The 
description  of  the  interior  of  this  valve  has  been  mainly  drawn 
up  from  an  excellent  natural  internal  mould. 
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The  surface  of  both  valves  is  ornamented  with  moderately 
conspicuous  radiating  and  concentric  lines,  the  latter  irregularly 
grouped,  and  covering  the  whole  a  fine  papillose  network,  the 
points  of  which  are  arranged  in  concentric  series,  those  of  one 
series  alternating  with  those  of  the  next,  and  so  on,  as  first 
pointed  out  by  Professor  Hall  in  his  description  of  the  dorsal 
valve  (Pal.  N.  Y.,  vol.  i,  p.  290,  pi.  79,  &s.  9).  The  effect  of  this 
style  of  ornamentation  is  very  beautiful ;  and  when,  as  is  usu- 
ally the  case,  the  shells  have  a  dark,  polished  aspect,  with  a 
setting  of  light-colored  limestone,  few  handsomer  fossil  objects 
can  be  named.  The  shell  is  thick  and  of  a  finely  lamellar 
structure.  The  usual  length  of  the  ventral  valve  is  about 
three  and  one-half  lines. 

This  is  one  of  the  best  marked  fossils  of  the  Troy  Primor- 
dial and  may  be  easily  identified  by  means  of  very  small  frag- 
ments. 

The  species  known  as  Obolella  crassa  of  the  Troy  beds  may 
also  be  briefly  noticed  in  this  connection.  It  includes  the 
species  already  widely  known  under  the  name  of  0.  desquamata 
from  the  same  locality,  this  latter,  as  may  be  shown,  having  been 
founded  upon  the  dorsal  valve  of  the  former.  The  ventral  valve 
is  always  more  acutely  pointed  at  the  beak  than  the  dorsal,  bat 
beyond  this  feature  tnere  is  nothing,  so  far  as  I  have  been  able 
to  discover,  by  which  they  may  be  distinguished  from  each 
other  externally.  The  surface  of  each,  when  perfect,  is  both 
radiately  and  concen-trically  striated.  As  a  rule,  however,  the 
imbricating  edges  of  the  successive  layers  of  growth  are  the 
only  markings  visibla 

Of  the  interior  of  the  ventral  valve  ^n  excellent  figure  was 
given  by  Mr.  Billings  on  page  855  of  this  Journal  for  May,  1872; 
but  the  interior  markings  of  the  dorsal  valve  have  nowhere,  to 
my  knowledge,  yet  been  accurately  shown.  The  scars  are  nearly 
the  same  with  those  of  the  dorsal  valve  of  0.  chromatica,*  but 
the  smaller  pair  close  to  the  beak  are  here,  in  the  majority  of 
cases,  distinctly  connected  with  the  larger  pair  directly  beneath 
them  ;  while  the  central  pair,  instead  of  running  parallel  with 
each  other  throughout,  diverge  at  the  mid-length  of  the  valve, 
and  extend  onward  in  slender  falcate  forms  into  the  anterior 
fourth  of  the  shell.  Their  parallel  portions  are,  however,  the 
only  parts  usually  seen,  and  it  was  only  after  collecting  the 
species  for  a  number  of  years  that  I  obtained  evidence  that 
what  had  come  to  be  looked  upon  as  wholes  were,  in  reality, 
only  parts   of  much  more  extensive  impressions. 

I'he  species  of  Brachiopoda  at  present  known  to  me  from 
the  Troy  Primordial  are  the  following:   Obolella  crassa^  0.  gem- 

«  "  On   the   structure   of    Oboldla  chromcUica,'^  by  E.  BUMiigs,  F.G.&     Hub 
Journal,  March,  1876. 
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ma*  (Billings  sp.,  or  a  species  which  I  am  unable  to  distinguish 
from  this  form  by  any  good  characters),  0,  nilula^  LinguleUa 
eodataj  and  a  small  species  of  Ortliis  yet  undescribed.  This  latter 
species  is  about  one-third  smaller  than  Orthis  BiUingsi  of  the 
Acadian  groupf  which  it  otherwise  much  resembles,  except 
that  the  ribs  ao  not  dichotomize  as  in  that  species.  None  of 
the  specimens  yet  obtained  are  sufficiently  perfect  to  admit  of 
a  full  description. 

Kew  York,  Oct  3l8t,  1877. 


Art.  XVIII. — Note  on  the  Development  of  Olenellus  asaphoides; 

by  S.  W.  Ford. 

Since  the  publication  of  my  paper  giving  an  account  of  the 
metamorphoses  of  this  remarkable  trilobite4  I  have  obtained 
at  Troy  a  number  of  specimens  further  illustrating  and  confirm- 
ing the  fact  of  the  metamorphoses.  Among  the  more  impor- 
tant of  these  is  a  beautifully  preserved  cephalic  shield  showing 
the  manner  in  which  the  appendages  that  I  have  called  the 
inter-ocular  spines  were  finally  lost.  As  this  specimen  supplies 
one  of  the  most  important  links  in  the  demonstration  and  lully 
confirms  what  was  inferred  from  the  structure  of  previously 
known  specimens  representing  other  phases  of  the  development, 
the  more  interesting  features  which  it  presents  may  be  briefly 
noticed  at  this  time. 

The  specimen  in  question  is  almost  exactly  intermediate 
between  the  forms  represented  by  figures  3  and  4  of  my  former 
paper.  Excepting  the  neck-furrow  and  the  second  pair  of  fur- 
rows in  advanoe,  none  of  the  glabellar  furrows  reach  the  median 
line ;  while  the  inter-ocular  spines,  still  further  reduced  in  size, 
are  seen  to  be  entirely  cut  ofi*frora  the  swollen  spaces  between 
the  eye-lobes  and  glabella,  by  the  furrows  immediately  within 
the  eyelobes  extending  completely  across  them,  and  uniting 
with  the  marginal  furrows.  There  can  be  scarcely  a  doubt  but 
that  the  next  moult  would  result  in  a  head  destitute  of  these 
appendages,  as  in  fact,  we  find  the  forms  next  in  order  of  in- 
creasing size  to  be.  The  dwarfed  proportions  of  the  appendages 
lead  also  to  the  conclusion  that  they  are  examples  of  atrophied 
organs,  as  has  likewise  been  suggested  to  me  by  M.  Barrande. 
I  know  of  no  instance  of  this — the  suppression  of  spinous 

*  This  Jounial,  ICaj,  1872,  p.  355. 

f  AcadiAo  QeoL,  Dawson,  1868,  p.  644.    Also  Dana,  Man.  of  GeoL,  1874,  p, 
1Y4,  fig.  250. 
{  This  Journal,  April,  1877. 
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appendages  beyond  the  contour  —  in  any  other  species  of 
trilobite. 

The  surface  of  the  cheeks  in  the  specimen  under  notice  is 
beautifully  ornamented  with  fine,  waved,  radiating  lines  as  in 
the  adult 

I  may  also  add,  that  several  of  the  different  stages  of  growth 
observed  are  shown  to  be  represented  by  two  distinct  forms, 
respectively  a  long  and  a  broad  form.  The  same  thing  has 
been  staled  by  Barrande  for  a  large  number  of  Bohemian 
species.  Some  of  the  earlier  forms  were  very  diminutive,  the 
smallest  specimen  now  in  my  possession  being  one-third  smaller 
than  the  smallest  example  yet  illustrated.  I  have  also  observed 
one  specimen  the  width  of  which  did  not  exceed  jV t^^  oi  an 
inch.* 

New  York,  Deoember  10th,  1877. 

*  Neither  the  small  trilobite  recently  descrfbed  by  G.  Linnarason  under  the  name 
of  Paradoxidea  acuieahta  (Transactions  of  the  Geol.  Soa  of  Stockholm  for  1877,  p. 
869)  nor  the  species  previously  described  as  Paradoxidea  I^eruyi  by  J.  G.  O.  Lin- 
narsson  furnish,  in  my  opinion,  any  proof  of  the  metamorphoses  of  Trilolntes,  or 
suggest,  in  their  structure,  a  generic  identity  with  Oiendhu  asaphoides.  MoreoTer, 
I  greatly  question  whether  the  two  Swedish  species  aboye  mentioned  are  triily 
congeneric,  and  am  strongly  disposed  to  believe  that  the  former  will  yet  turn  oot 
to  ^  a  genuine  Hydrocephahm,  Mr.  Linnarsson  notes  the  doee  agreement  with 
BydrocephaluSy  but  makes  the  separation  mainly  on  the  strength  of  his  suspicion 
that  Barrande  is  in  error  in  his  diagnosis  of  the  genus.  I  believe  the  cUrection  of 
the  facial  suture  in  P.  aculeatus  to  be  utterly  fatal  to  Mr.  Linnarsson^s  views. 
There  is  nothing,  to  my  mind,  in  the  structure  of  the  specimens  figured,  to  lead  to  a 
comparison  of  the  posterior  spines  of  P  aeuleaku  wtth  the  smaller  pair  of  P.  I^ent^ 
In  regard  to  Mr.  Linnarsson's  somewhat  extended,  but,  as  it  appears  to  me^  too 
assured  criticism  of  my  work  in  the  publication  referred  to,  I  may  aay  that  I  see  no 
reason  to  change  any  of  the  statements  contained  in  my  former  paper.  Whatever 
Idnnarsson's  ParadoxidesaculeatusmBj  hereafter  prove  to  be,  I  can  confidently  aiaert 
that  OleneUus  aaaphoides  is  not  a  true  Paradoxidea.  Wlien  the  development  of  some 
species  of  Paradoxidea  shall  have  been  made  out  (if,  indeed,  any  of  the  species  ever 
sustained  one)  we  shall  probably  be  able  to  satisfy  ourselves  still  more  folly  upon 
this  point.  The  smaller  spines  of  the  posterior  margin  of  A  JJjf'ervJ^  suggest  a 
comparison  with  the  inter-ocular  spines  of  CHeneQua  asaphoidea^  and  G.  Linnarsson 
was  tiie  first  to  perceive  this ;  but  at  present  I  think  it  extremely  doubtful  whc-tfaer 
they  can  be  properly  regarded  as  homologous.  This  will  become  the  more  appar- 
ent if  we  compare  Uie  figures  of  P,  Kjerv^  with  my  figures  4  and  6.  Be  this  as 
it  may,  the  relations  of  the  two  genera  are  manifestly  very  dose,  and  the  Swedidi 
beds  fortunately  promise  to  contribute  largely  toward  working  them  out  to  com- 
pleteness. Mr.  Linnarsson  considers  0.  aaaphoidea  to  be  a  true  Piartuioxidea  and 
his  P.  aculeatua,  one  example  of  which  he  figures,  ui  embryonic  form  of  the  sane 
genus;  but  finding  tliat  the  forms  of  my  young  specimens  do  not  square  with  his 
figure  he  thinks  my  account  most  probably  deeply  iu  fault.  Were  Ids  conoliisioiiB 
and  conjectures  supported  by  a  better  array  of  facts  drawn  from  his  own 
field  of  observation  they  woiUd  possess  greater  fitness  ai^  value. 
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Art.  XIX. — On  Schweitzer's  ^^ New  Acid  Ammonium  Sulphates  ;^' 
by  S.  W.  Johnson  and  R  H.  Chittenden  Contributions 
from  the  Sheffield  Laboratory  of  Yale  College.     No.  LI. 

Dr,  Paul  Schweitzer,  in  a  paper  "On  some  New  Acid  Am- 
moDium  Sulphates,  read  before  the  American  Chemical  Society, 
July  6,  1876,*  has  given  the  results  of  some  partial  analyses  of 
residues  remaining  after  subjecting  ammonium  sulphate  to 
several  degrees  of  ignition,  and  has  inferred  :  1.  That  exposure 
to  a  heat  a  little  higher  than  that  of  the  boiling  point  of  mer- 
cury converts  ammonium  sulphate  into  ammonium  bisulphate 
with  loss  of  one-half  of  its  ammonia.  2.  That  a  temperature 
somewhat  below  incipient  redness  occasions  further  loss  of 
ammonia  and  sulphuric  acid  and  leaves  a  salt  of  the  formula 
(NH^),H,(S0J3.  8.  That  probably  an  intermediate  salt  is 
formed  having  the  formula  (NH,)^H,(S0J3. 

These  conclusions  are  based  on  the  fact  that  the  residues  of 
ignition  at  the  temperatures  named  yield  such  percentages  of 
SO,  as  the  above  formulae  require.  We  have  repeated  most 
<rf  l)r.  Schweitzer's  experiments,  and  so  far  as  we  have  gone, 
have  fully  verified  his  observations.  The  formulae  which  he 
deduces  from  his  estimations  of  SO,  are,  however,  inconsistent 
with  the  usually  received  atom-fixing  powers  of  the  elements 
involved,  and  we  have  made  further  investigation  of  the  sub- 
stances to  which  he  has  called  attention,  in  order  to  ascertain 
whether  they  are  really  exceptions  to  the  laws  of  valence,  and 
therefore  possibly  serviceable  means  of  enlarging  our  generaliza- 
tions, or  have  a  composition  different  from  that  which  Dr. 
Schweitzer  has  inferred. 

Ammonium  sulphatef  heated  for  several  hours  somewhat 
higher  than  the  boiling  point  of  mercury  at  first  fused  without 
effervescence  to  a  thicK  pasty  mass,  as  Dr.  Schweitzer  has 
stated,  but  afterwards  became  fluid.  When  the  fumes  no 
longer  had  an  alkaline  reaction,  and  "  ammonia"  ceased  to  be 
given  off,  the  residue  yielded  nearly  the  same  percentage  of 
SO,  obtained  by  Dr.  Schweitzer.  He  found  69*17  per  cent 
and  after  fifteen  minutes  further  ignition  69'49  per  cent  We 
found  69'60  per  cent,  and  after  further  heating  at  the  same 
temperature  70*08  per  cent  of  SO,.  The  bisulphate  requires 
69*66  per  cent  We  notice,  however,  that  the  per  cent  of  SO,, 
which  in  this  case  admits  of  very  exact  estimation,  increases 
as  the  ignition  is  prolonged.     A  second  sample  gave  in  the 

*  American  Chemist,  Aug.,  1876,  p.  42. 

\  Made  from  sulphuric  add  and  commercial  ammonium  carbonate,  and  analyzed 
with  following  results : 

Found.  Calculated. 

80,  60-70  60-60 

(NH4)tO  39-38  39-39 
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first  analysis  68*95  per  cent  and  after  a  second  ignitioD  69'41 
per  cent  oO,.  To  make  the  analyses  more  complete,  ammonia 
was  estimated  in  both  samples  by  distillation  with  sodium  hy- 
droxide, and  in  the  second  sample  hydn)gen  was  determined  by 
combustion  with  lead  chromate  and  metallic  copper  and  found 
to  be  4*^7  per  cent 

On  the  basis  of  the  ammonia  estimation  we  have  the  follow- 
ing statement. 

Found.  Found. 

1.  2. 

70-08  69-41 

17-00  17-08 

12-92  13-51 


SO 
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s 


Difference 


Galculatodfor 
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69-56 
14-78 
H,0  15-66 


100-00  100-00  100-00 

The  ultimate  composition,  reckoning  oxygen  by  difference, 


IS — 


S 
O 
N 
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Found. 
1. 

28-01 
1401 


Found. 
2. 

27-76 

58-49 

14-08 

4-67 

100-00 


Calculated  for 
bisulphate. 

27-82 

55-65 

12-17 

4*84 


99-98 


On  dissolving  in  water  the  solution  has  an  acid  reaction, 
addition  of  strong  alcohol  to  the  saturated  solution  throws 
down  a  crystalline  precipitate  which  is  normal  ammoniam  sul- 
phate and  yielded  in  the  results  of  two  successive  determinations 
25*48  per  cent  and  25-65  per  cent  of  NH3.  Theory  requires 
25'76  per  cent  The  alconolic  mother  liquor  from  these  de- 
terminations gave  on  evaporation  a  small  crystalline  residue,  and 
a  few  drops  of  a  strongly  acid  liquid.  The  absence  of  any 
amide  or  araic  acid  was  shown  by  the  prompt  and  complete 
precipitation  of  all  the  sulphur  by  barium  salts  in  cold-pre- 
parea  solutions.  These  results  would  indicate  that  the  sup- 
posed bisulphate  is  a  mixture  of  normal  sulphate  with  bisulphate 
or  pyrosulphate. 

The  analyzed  substance  compared  with  the  salts  just  named 
in  respect  to  atomic  ratios  gives  the  following  rjesults,  eight 
atoms  of  sulphur  being  assumed  in  each  case  for  convenience. 


Normal 

Scweiteer'B  Ist 

sulphate. 

Bisulphate. 

PTroBulphate. 

BubBtanoe. 

S—  8    . 

8 

8    . 

8 

N=16 

8 

12 

9-8 

H=»)4 

40 

26 

43 

0=32 

32 

24 

30-8 

Inspection  of  the  above  figures  makes  evident  that  the  ana- 
lyzed substance  must  contain  besides  normal  sulphate,  a  cer- 
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tain  proportion  of  bisulphate  in  order  to  bring  down  the 
nitrogen  below  twelve  and  also  some  pjrosulphate  to  reduce 
the  oxygen  below  thirty- two. 

Calculation  shows,  in  fact,  that  the  substance  is  a  mixture 
of  nearly  one  molecule  of  pyrosulphate  (NH^)3S30,,  one 
molecule  of  sulphate,  (NH^)j,SO^,  and  three  molecules  of  bi- 
sulphate 8(NH^HS0^).  Sucn  a  mixture  would  have  the  fol- 
lowing empirical  expression:  S^OjaN^  H3,  and  its  centesimal 
composition  compares  closely  with  our  analyses. 

Calculated.  Found. 

1.  2. 

6S                 27-86                 28-01  27-76 

230                 63-41  63-49 

7N                14-22                 14-01  1408 

31 H                  4-60  4-67 


90-99  100-00 

Our  examination  of  the  so-called  ^^biammonium  tetrahydrogen 
sulphate"  obtained  by  subjecting  ammonium  sulphate  to  near 
incipient  redness  demonstrates  that  it  also  is  a  mixture.  The 
facts  given  by  Professor  Schweitzer  agree  substantially  with 
those  observed  by  us. 

He  found  in  the  residue  after  two  successive  heatings 
7252  and  72*95  per  cent  SO,.  We  found  72-54  and 
72'76,  and  in  another  sample  71-91  and  72-04  per  cent. 
Our  complete  analyses  do  not  agree  with  Professor  Schweit- 
zer's formulae,  but  indicate  that  the  substance  is  very 
nearly  a  mixture  of  two  molecules  of  ammonium  bisulphate 
(NH^)HSO^  with  one  molecule  of  pyrosulphate  (NH^),S,0,. 
Such  a  mixture  is  represented  empirically  by  S^O.^lN^H,,. 
The  percentages  required  by  it  and  those  found  in  our  analyses 
are  subjoined. 


Calculated. 

1. 

2. 

3. 

4S 

28-96 

2905 

29-01 

28-81 

160 

64-29 

63-85 

63-78 

4N 

12-67 

12-94 

12-94 

12-96 

18H 

4-07 

4-16 

4-27 

This  mixture  dissolved  readily  in  a  small  proportion  of  water, 
giving  a  solution  acid  to  test  papers  and  to  the  taste.     The 
concentrated  solution  stood  for  two  weeks  without  crystallizing. 
On   adding  a  little  alcohol  X93  per  cent)  and  agitating,  oily- 
appearing  drops  separated,  whicn  shortly  united   to  a  heavy 
layer  at  the  bottom  of  the  vessel,  and  very  soon  large  prisms 
appeared  in  it     More  absolute  alcohol  wa^  added,  and  after 
twenty-four  hours  standing  a  fine  crop  of  crystals  was  obtained. 
These  crystals  A  were  rinsed  with  alcohol  and  dried  at  100°  C. 
To  the  filtrate  absolute  alcohol  was  added  as  long  as  a  precipi- 
tate separated.     On  standing  an  abundant  deposit  of  acicular 
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• 

crystals  formed.     These  B  were  separated  and  dried  at  100  C. 
These  crystals  proved  to  be  normal  ammonium  sulphate. 
They  yielded  by  analysis — 

A  B  Calculated. 

(NH^),0  39-33  39-46  3939 

The  alcoholic  mother-liquor  was  evaporated  on  the  water- 
bath  and  left  a  small  fluid  residue,  which  on  cooling  deposited 
a  few  crystals,  apparently  of  normal  sulphate.  The  few  drops 
of  liquid  remaining  were  intensely  acid  and  had  all  the  char- 
acters of  sulphuric  acid  discolored  by  organic  matters.  Treat- 
ment with  aqueous  alcohol  thus  resolves  both  the  bisulphate 
(two  molecules)  and  the  pyrosulphate  into  normal  sulphate  and 
sulphuric  acid,  or  in  part  probably  into  sulphethylic  acid. 

In  the  first  stage  of  the  decomposition  of  ammonium  sul- 
phate at  a  temperature  ^*a  little  higher  than  the  boiling  point  of 
mercury"  the  vapors  are  alkaline.  The  chemical  change  would 
appear  to  involve  six  molecules  of  the  sulphate,  which  lose  five 
molecules  of  ammonia  gas  and  one  molecule  of  water  vapor, 
leaving  as  solid  residue  a  mixture  of  one  molecule  of  unchanged 
sulphate,  one  of  pyrosulphate  and  three  of  bisulphate. 

6[(NHJ,SOJ-r6NH3.fH,0]=3[NH-HSO.].f 

In  these  changes  two  molecules  of  sulphate  yield  one  mole- 
cule of  pyrosulphate  with  loss  of  one  water-  and  two  ammonia- 
molecules,*  while  three  molecules  of  sulphate  yield,  each,  a 
molecule  of  bisulphate,  with  loss  of  a  molecule  of  ammonia^f 
and  the  sixth  molecule  of  sulphate  comes  out  unaltered. 

In  the  second  sta^e  of  heating  (near  incipient  redness)  the 
fumes  are  at  first  aJkaline,  but  shortly  become  acid,  and  con- 
tinued so  as  long  as  that  temperature  is  maintained. 

The  changes  are  empirically  expressed  as  follows : 

S60,3N,H3,-[2SO,+2H,0+3NH3]=S,0,,N^H.„ 

or  rationally — 

[3(NH,HSOJ+(NHJ,S«0,  +  (NH,).SOJ-.r2SO,+2H,0+ 

3NH3]=2(mi  JISO,  )+(NH  J^SaO,. 

The  rise  of  temperature  from  360°  to  620®  C.  appears  not  to 
alter  the  pyrosulphate  and  bisulphate,  but  the  chemical  change 
seems  to  result  from  a  molecule  of  sulphate  reacting  on  a  mole- 
cule of  bisulphate,  whereby  both  are  decomposed,  tnus — 

NH^HS04+(NHJ2S04=2S0,+2H,0+8NH3. 

It  would  be  interesting  to  study  the  reactions  at  other 
temperatures. 

SOt<S^*  S0,/0NH4 

t  3SO.<g^*-3NH,=380,<ggH^. 
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Art.  XX. — The  Poplars  of  North  America;   by  Sbbeno 

Watson. 

The  following  iDCompIete  synopsis  of  the  species  of  Populus 
is  based  upon  the  material  in  several  of  our  principal  herbaria, 
and  is  published  for  the  purpose  of  drawing  the  attention  of 
botanists  during  the  coming  season  to  this  still  very  imperfectly 
known  genus.  Flowers  and  fruit  even  of  the  common  species 
are  too  rare  in  collections,  and  are  much  needed  for  their  satis- 
factory definition. 

§  1.  Styles  two,  with  two  or  three  narrow  or  filiform  lobes : 
capsules  small,  thin,  oblong-(X>nical,  two-valved:  seeds  very 
small :  leaves  ovata 

*  Petioles  flattened :  bracts  silky :  stamens  six  to  twenty. 
1.  P,  tremuloides  Michx.     2.  P.  grandidentata  Michx. 

**  Petioles  terete:  bracts  not  silky :  stamens  twelve  to  sixty. 

S.  P.  heterophyUa  L. 

§  2.  Styles  two  to  four,  with  dilated  lobes :  capsules  large, 
often  thick,  subglobose  to  ovate-oblong,  two  to  lour-valved : 
bracts  mostly  glabrous. 

*  Leaves  cordate  or  ovate  to  lanceolate,  crenate ;  petioles 
terete:  stamens  twelve  to  thirty:  seed  a  line  long. 

t  Capsule  glabrous,  two-valved. 

4.  P.  balsamifera  L.  Leaves  whiter  beneath,  ovate-lanceo- 
late, acuminate,  glabrous  ;  petioles  one-half  to  two  inches  long, 
at  first  puberulent :  rhachis  of  aments  (pistillate  two  and  one- 
half  to  five  inches  long)  pubescent :  disk  one  or  two  lines 
broad  :  stamens  twenty  to  thirty :  capsules  ovate  (three  lines 
long),  on  very  short  pedicels. — Var.  candicans  Gray.  Leaves 
broader  and  cordate:  the  petioles  often  somewhat  hairy. — 
Var.  (?)  Californica,  Leaves  ovate  to  oblong-lanceolate,  acute, 
usually  rounded  at  base,  somewhat  pubescent  beneath,  mostly 
on  short  -petioles  (half  inch  long  or  less). — The  typical  form 
northward  to  the  Arctic  Ocean  ;  var.  candicans  west  to  Colorado 
and  Idaho;  the  last  variety  on  the  Pacific  side  from  Los 
Angeles  to  Or^on,  but  known  only  from  the  foliage. 

5.  P.  angustifolia  James.  Leaves  not  whiter  beneath, 
rhombic-ovate  to  narrowly  lanceolate,  nwstly  cuncate  at  base, 
often  small;  petioles  one-half  inch  long  or  less  (rarely  one. 
inch) :  rhachis  glabrous  (pistillate  two  inches  long,  rarely  two 
or  four)  :  disk  a  line  broad  or  less :  stamens  twelve  :  capsules 
ovate,  smaller,  on  very  short  pedicels. — Colorado  and  New 
Mexico  to  Central  Arizona  and  Nevada,  and  Washington  Ter- 
ritory. Two  forms  are  spoken  of,  the  "  Yellow  Cottonwood," 
making  fair  lumber,  and  the  "  Black  Cottonwood,"  common 
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and  extensively  planted    in  Utah,  but  the  wood  considered 
worthless. 

f  f  Capsule  tomentose,  three-valved. 

6.  P,  trichocarpa  Torn,  and  Gray.  Leaves  broad  I  v  ovate, 
acuminate,  cordate,  often  whiter  beneath  with  age,  puoerulent 
when  young  ;  petioles  one  or  two  inches  long :  rhachis  pubes- 
cent (pistillate  two  to  six  inches  long) :  disk  very  broad  :  sta- 
mens twenty  to  thirty  :  capsule  subglobose,  nearly  glabroua — 
Van  cupulata.  Disk  somewhat  herbaceous,  very  large  and 
eampanulate,  twice  longer  than  the  ovary,  pubescent :  bracts 
villous :  pedicels  a  line  or  two  long. — S.  California  to  W. 
Nevada  and  British  Columbia. 

**  Leaves  deltoid,  sinuate-crenate ;  petioles  flattened:  sta- 
mens sixty  or  more  :  seed  one  and  one-half  or  two  lines  long: 
capsule  three  or  f()ur-valve<l :  rhachis  and  disk  glabrous. 

7.  P.  monil'fera  Ait.  Leaves  with  numerous  serratures  and 
narrow  very  acute  acurnination,  broadly  truncate-deltoid,  some- 
times ovate,  •rarely  cordate ;  petioles  two  to  four  inches  long: 
ament  usually  long  (two  to  seven  inches):  disk  rarely  two 
lines  broad:  capsules  rather. thin,  oblong-ovate,  four  or  five 
lines  long,  on  slender  pedicels  one  to  five  lines  long. — New 
England  to  Florida,  Louisiana,  and  the  base  of  the  Rocky 
Mountains  in  Colorado  and  Wyoming.  Most  flowering  and 
fruiting  specimens  seen  from  east  of  the  Mississippi  have  four, 
rarely  three,  distinct  styles  and  a  four-valved  capsule;  a  single 
specimen  from  the  Agricultural  Grounds,  Washington  (culti- 
vated as  P.  angufafa),  has  the  styles  united  and  bearing 
a  peltate  stigma,  and  the  capsule  three-valved.  The  more 
western  specimens  have  all  three  distinct  styles  and  a  three- 
valved  capsule.  There  are  no  apparent  differences  otherwise, 
and  it  remains  to  be  seen  whether  these  forms  can  be  specific- 
ally separated.  • 

8.  P,  Fremonti  Watson.  Leaves  with  few  serratures  (four 
to  twelve  on  each  side),  broadly  deltoid  with  a  broad  acute 
apex  and  usually  somewhat  reniform  or  cordate ;  petioles  one 
to  two  and  one-half  inches  long,  often  pubescent  (as  the  branch- 
lets)  with  short  spreading  hairs:  staminate  disk  three  or  four 
lines  broad,  and  pedicels  eight  to  ten  lines  long:  pistillate 
aments  three  or  four  inches  long :  disk  three  lines  broad :  cap- 
sules ovate,  thick-coriaceous,  three-valved,  on  stout  pedicels  two 
lines  long  or  less. — ^Var.  (?)  Wisfizeni,  Leaves  sharply  acumi- 
nate, truncate  or  slightly  cuneate  at  base:  staminate  disk  less 
dflated,  and  the  pedicels  shorter:  pistillate  aments  very  slender 
(two  to  six  inches  long),  the  disk  two  or  three  lines  broad,  and 
the  somewhat  angled  capsules  three-  or  usually  four-valved,  on 
slender  pedicels  two  to  eight  lines  long. — The  typical  form 
from  N.  California  to  S.  Utah  ;  the  variety  from  S.  California 
to  the  Rio  Grande. 


Chemistry  and  Physics.  137 

SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1.  Xi^efaction  of  Oxygen,'*  by  M.  Raoul  Pictet. — The  ob- 
ject which  I  have  oad  in  view  for  more  than  three  years  is  to 
demontitrate  experimeDtally  that  molecular  cohesion  is  a  general 
property  of  boaies,  to  which  there  is  no  exception. 

If  the  permanent  gases  are  not  capable  of  liquefying,  Pre  must 
oonclnde  that  their  constituent  particles  do  not  attract  each  other, 
and  thus  do  not  conform  to  this  law. 

Thus,  to  cause  experimentally  the  molecules  of  a  gas  to  approach 
each  other  as  mucn  as  possible,  certain  indispensable  conditions 
are  necessary,  which  may  be  expressed  thus : — 

(l.)  To  have  the  gas  absolutely  pure,  with  no  trace  of  foreign  gas. 

(2.)  To  be  able  to  obtain  extremely  energetic  pressures. 

(3.)  To  obtain  intense  cold,  and  to  subtract  heat  at  these  low 
temperatures.  ^ 

(4.)  To  utilise  a  large  surface  for  condensation  at  these  low  tem- 
peratures. * 

(5.)  To  be  able  to  utilise  the  rapid  expansion  of  the  gas  from 
extreme  condensation  to  the  atmosphere  pressure — an  expansion 
which,  added  to  the  preceding  means,  will  compel  liquefaction. 

Having  fulfilled  these  five  conditions,  we  may  formulate  the 
following  alternative : — 

When  a  gas  is  compressed  to  500  or  600  atmospheres,  and  kept 
at  a  temperature  of  —100°  or  —140°,  and  it  is  allowed  to  expand 
to  the  atmospheric  pressure,  one  of  two  things  takes  place : — 

Either  the  gas,  obeying  the  force  of  cohesion,  liquefies,  and  yields 
its  heat  of  condensation  to  the  portion  of  gas  which  expands  and 
loses  itself  in  the  gaseous  form ;  or,  on  the  hypothesis  that  cohe- 
sion is  not  a  general  law,  the  gas  must  pass  to  the  absolute  zero 
and  become  inert, — that  is  to  say,  an  impalpable  powder. 

The  work  done  by  expansion  will  not  be  possible,  and  the  Ioes 
of  heat  will  be  absolute. 

Struck  with  the  truth  of  this  alternative,  which  is  rendered  cer- 
tain by  thermo-dynamic  equations  based  on  accurate  data,  I  have 
sought  to  produce  a  mechanical  arrangement  which  should  entirely 
satisfy  these  different  conditions,  and  I  have  chosen  the  compb- 
cated  apparatus  of  which  tfie  following  is  a  brief  description  : — 

I  take  two  pumps,  p,  and  p^,  for  exhaustion  and  compression, 
such  as  are  used  industrially  in  my  ice-making  apparatus.  I 
couple  these  pumps  in  such  a  way  that  the  exhaustion  of  one 
corresponds  to  the  compression  of  the  other.  The  exhaustion  of 
the  first  communicates  with  a  tube  (r)  of  1*1  metres  long  and  12*5 

*  The  KquefaeOon  of  oxygen  is  so  important  a  scientific  achievement  that  we  have 
mndi  pleMiires  in  laying  before  our  readers  the  following  detailed  account  of  the 
meaam  employed  and  diagrams  of  the  apparatus  used,  which  have  been  oommuni- 
crted  to  us  by  M.  Pictet  himsell — £d.  Chemical  Nbws. 
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centimeters  in  diameter,  and  filled  with  liquid  salpharous  acid. 
Under  the  influence  of  a  good  vacuum  the  temperature  of  this 
liquid  rapidly  sinks  to  —  65  ,  and  even  to  — 73°,  tne  extreme  limit 
attained. 

Through  this  tube  of  sulphurous  acid  passes  a  second  smaller 
tube  (s),  of  six  centimeters  diameter,  and  the  same  length  as  the 
envelope.    The^e  two  tubes  are  closed  by  a  common  base. 

In  tne  central  tube  is  retained  compressed  carbonic  acid  pro- 
duced by  the  reaction  of  hydrochloric  acid  on  Carrara  marble. 
This  gas,  being  dried,  is  stored  in  an  oil  gasometer  (o)  of  one 
cubic  meter  capacity. 

At  a  pressure  of  from  four  to  six  atmospheres  the  carbonic  acid 
easily  liquefies  under  these  circumstances.  The  resulting  liquid 
is  led  into  a  lone  copper  tube  (b),  four  meters  in  length  and  four 
centimeters  in  diameter. 

Two  pumps,  P|  and  p,,  coupled  together  like  the  first,  exhaust 
carbonic  acid  either  from  the  gasometer  (o)  or  from  the  long  tube 
(b)  full  of  liquid  carbonic  acid. 

The  ingress  to  these  pumps  is  governed  by  a  three-way  tap,  h.  A 
screw  valve  cuts  off  at  will  the  ingress  of  liquid  carbonic  acid  in  the 
long  tube ;  it  is  situated  between  the  condenser  of  carbonic  acid  and 
this  long  tube.  When  this  screw  valve  is  closed,  and  the  two 
pumps  draw  the  vapor  from  the  liquid  carbonic  acid  contained  in 
the  tube  four  meters  long,  the  greatest  possible  lowering  of  tem- 
perature is  produced  ;  the  carbonic  acid  solidifies  and  descends  to 
about  — 140"^.  The  subtraction  of  heat  is  maintained  by  the 
working  of  the  pumps,  the  cylinders  of  which  take  out  three  liters 
per  stroke,  and  the  speed  is  100  revolutions  a  minute. 

Both  the  sulphurous  acid  tube  and  the  carbonic  acid  tube  are 
covered  with  a  casing  of  wood  and  non-conducting  stuff  to  inter- 
cept radiation. 

In  the  interior  of  the  carbonic  acid  tube,  b,  passes  a  fourth  tube, 
A,  intended  for  the  compression  of  oxygen  ;  it  is  five  meters  loDg 
and  fourteen  millimeters  in  external  diameter.  Its  internal  diame- 
ter is  lour  millimeters.  This  long  tube  is  consequently  immersed 
in  solid  carbonic  acid,  and  its  whole  surface  is  brought  to  the 
lowest  obtainable  temperature.  These  two  long  tubes  are  con- 
nected by  the  ends  ol  the  carbonic  acid  tube,  consequently  the 
small  tube  extends  about  one  meter  beyond  the  other.  I  have 
curved  this  portion  downward  and  given  the  two  long  tubes  a 
slightly  inclined  position,  but  still  very  near  the  horizontal,  as  I 
have  shown  in  the  accompanying  drawing. 

The  small  central  tube  is  curved  at  a,  and  screws  into  the  neck 
of  a  large  howitzer  shell,  c,  the  sides  of  which  are  thirty-five 
millimeters  thick ;  the  height  is  twenty-eight  centimeters,  and  the 
diameter  seventeen  centimeters. 

This  shell  contains  700  grams  of  chlorate  of  potash  and  256 
grams  of  chloride  of  potassium  mixed  together,  fused,  then  broken 
up,  and  introduced  into  the  shell  perfectly  dry.  When  the  double 
circulation  of  the  sulphurous  and  carbonic  acids  has  lowered  the 
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DbSCBIFTIOKS  op  the  DBAWINQ& 

A.  A  tube,  6  meters  long,  14  millimeters  external  diameter,  and  4  millimeters 
internal  diameter,  in  which  the  oxygen  condenses.  It  is  furnished  with  a 
■crew-tam  r,  from  which  the  liquid  oxygen  jets  out  A  pressure-gauge,  m, 
measures  the  pressure  up  to  800  atmospheres. 

B.  A  tube,  4  meters  long,  in  which  is  solid  carbonic  add.  The  stock  of  carbonic 
add  is  contained  in  a  gasometer,  o,  of  1  cubic  meter  capadty.  A  three-way 
tap,  H,  puts  it  when  desired  into  communication  with  the  apparatus. 

c.  A  howitzer  sheU,  containing  700  grams  of  chlorate  of  potash  mixed  with 

chloride  of  potassium.    It  is  heated  with  g^& 
p],  p*.  Double-action  exhaustion  and  force  pumps,  drawing  carbonic  add  from 

the  tube  b  or  the  g^asometer  o,  accprding  to  the  position  of  the  tap  H. 
a  A  tube,  60  millimeters  diameter  and  1*1  meter  long,  in  which  is  condensed  the 

Hqoid  carbonic  add  compressed  by  the  pumps.    liiis  liquefied  gas  returns  by 
'  the  small  tube  i  to  the  tube  b. 
ft.  A  tube,  126  millimeters  in  diameter  and  1*1  meters  long,  containing  liquid 

sulphurous  add. 
p»,  P4.  Double-action  exhaustion  and  force  pumps,  exhausting  sulphurous  add 

gas  from  the  tube  B. 
^  A  tubular  condenser  of  sulphurous  add  compressed  by  the  pumps.    This  body, 

when  liquefied,  returns  by  Uie  small  tube  /  to  the  tube  B.    The  cold  water  for 

oondensing  the  sulphurous  acid  passes  through  the  apertures  B  B. 
a.  Butrj  for  liquid  carbonic  add. 
h.  Bzit  iat  the  vaporised  carbonic  add  caused  by  the  suction  of  the  pumps. 
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temperature  to  the  required  degree,  I  heat  the  shell  over  a  series 
of  gas-burners.  The  decompositioii  of  the  chlorate  of  potash 
takes  place  at  first  gradually,  then  rather  suddenly  towards  the 
end  of  the  operation.  A  pressure-gauge,  m,  at  the  extremity  of 
a  long  tube,  lets  me  constantly  observe  the  pressure  and  the  pro- 
gress of  the  reaction.  This  gauge  is  graduated  to  800  atmos- 
pheres, and  was  made  for  me  expressly  by  Bourdon,  of  Paris. 

When  the  reaction  is  terminated  the  pressure  exceeds  500 
atmospheres ;  but  it  almost  immediately  sinks  a  little,  and  stops 
at  820  atmospheres.  If  at  this  moment  I  open  the  screw-tap,  r, 
which  terminates  the  tube,  a  jet  of  liquid  is  distinctly  seen  to  spirt 
out  with  extreme  violence.  I  close  the  tap,  and  in  the  coarse  of  a 
few  moments  a  second  jet — less  abundant,  however — can  be  ob- 
tained. 

Pieces  of  charcoal,  slightly  incandescent,  put  in  this  jet  inflame 
spontaneously  with  inconceivable  violence.  I  have  not  yet  suc- 
ceeded in  collecting  the  liquid,  on  account  of  the  considerable  pro- 
jectile force  with  which  it  escapes,  but  I  am  trying  to  arrange  a 
pipette,  previously  cooled,  which  possibly  may  be  able  to  retain  a 
little  of  this  liquid. 

Yesterday  I  repeated  this  experiment  before  the  majority  of  the 
members  of  our  Physical  Society,  and  we  had  three  successive 
jets,  well  characterized.  I  cannot  yet  determine  the  minimum 
pressure  necessary,  for  it  is  evident  that  I  have  a  surplus  pressure 
produced  by  the  excess  of  gas  accumulated  in  the  shell,  and  which 
could  not  condense  in  the  small  space  represented  by  the  interior 
tube. 

I  hope  to  utilise  a  similar  arrangement  in  attempting  the  con- 
densation of  hydrogen  and  nitrogen,  and  I  am  especially  occupied 
with  the  possioility  of  maintaining  low  temperatures  very  easily, 
thanks  to  four  large  industrial  pumps  which  I  have  at  my  dis- 
posal, worked  by  a  steam-engine. 

Geneva,  December  25,  18*7*7. 

Since  receiving  the  above  we  have  been  favored  with  further 
particulars  of  an  experiment  which  was  performed  for  the  fourth 
time  on  Thursdav,  December  27th,  in  the  presence  of  ten  scientific 
men — among  others.  Professor  Hagenbach,  of  Bale,  who  came 
expressly  to  assist  at  this  important  experiment. 

At  10  o'clock  in  the  evening  the  manometer,  which  had  risen  to 
560  atmospheres,  sank  in  a  few  minutes  to  505,  and  remained 
stationary  at  this  figure  for  more  than  half-an-hour,  showing  by 
this  diminution  in  the  pressure  that  part  of  the  gas  had  assumed 
the  liquid  form  under  tne  influence  of  the  140  degrees  of  cold  to 
which  it  was  exposed.  The  tap  closing  the  orifice  of  the  tube  was 
then  opened,  and  a  jet  of  oxygen  spirted  out  with  extraordinary 
violence. 

A  ray  of  electric  light  being  thrown  on  the  escaping  jet  showed 
that  it  was  chiefly  composed  of  two  parts  ; — one  central,  and  some 
centimeters  long,  the  whiteness  of  which  showed  that  the  element 
was  liquid,  or  even  solid ;    the  other  exterior,  tihe  blue  tint  of 
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which  indicated  the  presence  of  oxygen  compreBsed  and  frozen  in 
theffaseous  state. 

The  success  of  this  remarkable  and  conclusive  experiment  called 
forth  the  applause  of  all  present. 

We  understand  that  Messrs.  Pictet  &  Co.,  of  22,  Rue  de  Gram- 
mont,  Paris,  are  fitting  up  apparatus  with  the  intention  of  having 
these  experiments  repeated  at  their  Freezing-Machine  Works,  at 
Clichy,  ID  Paris. —  Chemical  Neies^  Jan,  4. 

2.  The  Ligttefaction  of  OxygeNy  Nitrogen  and  Hydrogen. 
Experiments  of  M.  Cailletet.  (From  Nature,  of  January  3d.) — 
...  It  appears  that  as  early  as  December  2,  M.  Cailletet  had 
succeeded  in  liquefying  oxygen  and  carbonic  oxide  at  a  pressure 
of  300  atmospheres  and  at  a  temperature  of  —29^  C.  This  result 
was  not  communicated  to  the  Academy  at  once,  but  was  con- 
signed to  a  sealed  packet  on  account  of  M.  Cailletet  being  then  a 
candidate  for  a  seat  in  the  Section  of  Mineralogy.  Hence,  then, 
the  question  of  priority  (between  M.  Cailletet  and  M.  Pictet^  has 
been  raised,  but  it  is  certain  that  in  the  future  the  work  will  be 
credited  to  both,  on  the  ground  that  the  researches  of  each  were 
absolutely  independent,  both  pursuing  the  same  object,  creating 
methods  and  instruments  of  great  complexity.     .    .    . 

The  methods  employed  by  MM.  Pictet  and  Cailletet  are  quite  « 
^stinct  and  are  the  result  of  many  years'  preparatory  study,  as 
testified  by  M.  H.  St.  Claire  Deviile  and  M.  Kegnault  It  is  diffi- 
cult to  know  which  to  admire  most,  the  scientific  perfection  of 
Piotet*s  method  or  the  wonderful  simplicity  of  Cailletet's.  It  is 
quite  certain  that  the  one  employed  by  the  fatter  will  find  frequent 
use  in  future  experiments.  M.  Caiiletet's  apparatus  consists  essen- 
tially of  a  massive  steel  cylinder  with  two  openings;  through  one 
hydraulic  pressure  is  communicated.  A  small  tube  passes  through 
the  other,  the  sides  of  which  are  strong  enough  to  withstand  a 
pressure  of  several  hundred  atmospheres,  and  which  can  be  in- 
closed in  a  freezing  mixture.  It  opens  within  the  cylinder  into  a 
second  smaller  cylinder  serving  as  a  reservoir  for  the  gas  to  be 
compressed.  The  remainder  of  the  space  in  the  large  cylinder  is 
occupied  by  mercury.  M.  Cailletet's  process  consists  in  com- 
pressing a  gas  into  the  small  tube,  and  tnen  by  suddenly  placing 
It  in  communication  with  the  outer  air,  producing  such  a  degree 
of  cold  by  the  sudden  distention  of  the  confined  gas  that  a  large 
portion  of  it  is  condensed,  a  process  periectly  analogous  to  that 
used  to  prepare  solid  carbonic  acid  by  the  rapid  evaporation  of 
the  liouened  eas. 

In  M.  Cailletet's  experiment  ^dth  oxygen  it  was  brought  to  a 
temperature  of  —29^  C.  by  the  employment  of  sulphurous  acid  and 
a  pressure  of  300  atmospheres ;  the  gas  was  still  a  gas.  But 
when  allowed  to  expand  suddenly,  which,  according  to  Poisson's 
formula,  brings  it  down  to  20^  below  its  starting  point,  a  cloud 
was  at  once  formed.  The  same  result  has  since  been  obtained 
without  the  employment  of  sulphurous  acid,  by  giving  the  gas 
time  to  oool  after  compression.  M.  Chailletet  has  not  yet  obtained, 
at  all  events,  so  far  as  we  yet  know,  oxygen  in  a  liquid  form,  as 
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M.  Pictet  hae  done ;  od  being  separated  from  its  enormous  pres- 
sure it  has  merely  put  on  the  appearance  of  a  cloud.     .     .     . 

M.  Cailletet  first  introduced  pure  nitrogen  gas  into  the  appa- 
ratus. Under  a  pressure  of  200  atmospheres  the  tube  was  opened, 
and  a  number  of  drops  of  liquid  nitrogen  were  formed,  llydro- 
ffen  was  next  experimented  with,  and  this,  the  lightest  and  most 
difficult  of  all  g&se^  was  reduced  to  the  form  of  a  mist  at  280 
atmospheres.  The  degree  of  cold  attained  by  the  sudden  release 
of  these  compressed  gases  is  scarcely  conceivable.  The  physicists 
present  at  the  experiment  estimated  it  at  ^300°  C. 

Although  oxygen  and  nitrogen  had  both  been  liquefied,  it  was 
deemed  of  interest  to  carry  out  the  process  with  air,  and  the 
apparatus  was  filled  with  the  latter,  carefully  dried  and  freed  from 
carbonic  acid.  The  experiment  yielded  the  same  result.  On 
opening  the  tube  a  stream  of  liquid  air  issued  from  it  resembling 
the  fine  jets  forced  from  our  modem  perfume  bottles. 

These  more  recent  results  are  all  the  more  surprising  as,  at  an 
earlier  sta^,  hydrogen,  at  a  pressure  of  300  atmospheres,  has 
shown  no  signs  of  giving  way. 

3.  On  the  Liquefaction  of  Acetylene^  Ethyl  hydride^  Nitrogen 
dioxide  and  probably  Marsh  ^ci«.— Caillbtbt,  studying  the  com- 
pressibility ot  acetylene,  observed  a  marked  departure  from  the  law 
of  Mariotte  in  its  behavior,  and,  pushing  the  condensation  still 
further,  succeeded  in  liquefying  it.  The  apparatus  consisted  of  a 
hollow  steel  cylinder,  thick  enough  to  resist  a  pressure  of  several 
hundred  atmospheres,  having  screwed  into  it  at  top  a  bronze  collar 
carrying  a  thick  glass  reservoir  closed  above,  and  continued 
downward  by  a  larger  tube,  open  at  bottom.  This  glass  tube 
contains  the  gas  to  be  liquefied,  its  lower  end  dipping  below  the 
surface  of  mercury  in  the  steel  cylinder.  Hydraulic  pressure 
forces  the  mercury  up  into  the  tuoe,  compressing  the  gas  and 
finally  liquefying  it  in  the  narrow  portion  at  top.  In  compressing 
acetylene,  the  temperature  being  -fl8°,  numerous  droplets  are 
seen  to  form  and  run  down  the  walls  of  the  tube,  under  a  pressure 
of  eighty-three  atmospheres.  Reducing  the  pressure  gradually, 
the  liquid  returns  suddenly  to  gas  filling  the  tube  for  an  instant 
with  a  thick  fog.  Liquid  acetylene  is  colorless  and  extremely 
mobile ;  it  appears  to  be  highly  refractive,  and  is  lighter  than  water 
in  which  it  is  soluble  in  all  proportions.  It  dissolves  paraffin 
and  fats.  Cooled  to  zero  in  presence  of  water  and  linseea  oil,  it 
forms  a  white  compound  like  snow,  which  decomposes  on  heating 
or  lowering  the  pressure.  The  tension  of  the  acetylene  vapor 
is  as  follows:  at  +1°,  48  atmospheres;  at  2*6,  60;  at  10, 
63;  at  18°,  83;  at  25°,  94  ;  at  31°,  103.  Comparing  the  tensions 
of  acetylene,  ethylene,  and  ethylene  hydride  (CaH^)  which  con- 
tain in  equal  volumes,  equal  weights  of  carbon  united  to  increas- 
ing quantities  of  hydrogen  in  the  ratio  1:2:3,  the  author  finds 
the  tension  of  acetelyne  at  1°,  as  above,  to  be  forty-four  atmo- 
spheres ;  that  of  ethylene  at  0°  according  to  Faraday,  being  forty- 
six  atmospheres,  and  that  of  ethylene  hydride — now  liquefaed  for 
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the  first  time  by  Cailletet — at  4^  being  forty-six  atmospheres,  its 
liquefaction  taking  place  at  a  pressure  a  little  less  than  that  of 
acetylene. 

In  a  subsequent  paper,  Caiixbtbt  announces  the  liquefaction  of 
nitrogen  dioxide,  by  a  pressure  of  104  atmospheres  at  -^1 1^.  At 
8^,  the  dioxide  is  still  gaseous  under  a  pressure  of  270  atmo- 
spheres. Marsh  gas,  compressed  by  1 80  atmospheres  at  7°,  shows, 
when  the  pressure  is  suddenly  diminished,  a  thick  fog  like  that 
given  by  carbon  dioxide  under  similar  circumstances ;  whence  the 
author  hopes  to  effect  its  liquefaction. —  (7.  JS.,  Ixxxy,  851,  1016, 
Nov.  1877.  G.  p.  B. 

4.  On  Flame4€fnperatur€s. — Rossrtti  has  made  a  series  of  ex- 
periments to  determine  the  actual  temperature  of  a  fl&me  by 
direct  measurement  For  this  purpose  he  used  a  thermo-pile  con- 
sisting of  a  pair  of  wires  0  3  millimeter  in  diameter,  and  forty 
centimeters  long,  one  of  platinum  the  other  of  iron,  both  enclosed 
in  porcelain  tubes,  the  ends,  which  projected  about  two  millime- 
ters, being  united  and  then  covered  with  kaolin  sintered  together. 
The  free  ends  of  the  two  wires  were  soldered  to  large  copper 
wirea,  which  ran  to  the  galvanometer.  The  graduation  of  the 
apparatus  was  effected  by  means  of  thermometers  for  low  tempe- 
ratures^ and  for  high  ones,  not  exceeding,  however,  825°,  by 
means  of  a  calorimeter.  Since  the  curve  given  by  these  determi- 
nations was  almost  a  straight  line,  especially  the  latter  portions  of 
it,  Rossetti  believed  that  he  might  continue  it  beyond  the  experi- 
mental limit  in  the  same  direction  without  marked  error.  In  the 
flame  of  an  ordinary  Bunsen  burner,  this  flame  being  seventeen 
centimeters  long,  he  found  the  highest  temperature,  1350°  C;,  to 
be  in  the  coloness  mantle  of  the  flame,  the  violet  zone  having  a 
temperature  of  1250°,  and  the  inner  blue  flame  not  reaching  1200°. 
In  the  dark  non-luminous  cone  in  the  center,  seven  centimeters 
long,  the  temperature  one  centimeter  above  the  opening  of  the 
burner  was  only  250° ;  at  two  centimeters  above,  it  became  400° 
and  so  remained  up  to  a  height  of  four  or  five  centimeters,  reach- 
ing 650°  at  the  height  of  six  centimeters.  Mixtures  of  air  and 
gas  were  then  burned  in  a  Bunsen  burner  closed  below,  and  the 
temperature  measured  in  the  hottest  part  of  the  flame.  For  one 
volume  of  gas  and  two  volumes  of  air,  this  temperature  was  1260° ; 
for  one  Tolume  of  gas  and  two  and  one-half  of  air,  1150^ ;  and  for 
one  volume  of  gas  and  three  of  air,  1116°.  With  four  volumes 
of  air  the  mixture  would  no  longer  bum  in  a  Bunsen  burner; 
and  burned  from  a  bat-wing  burner  gave  a  maximum  tempera- 
ture of  only  958°.  Mixtures  of  gas  and  carbon  dioxide,  burned 
in  a  Bunsen  burner  as  above,  gave,  for  one  volume  gas  and  one 
and  one-half  CO,,  a  temperature  of  1000°;  one  volume  gas  and 
two  of  CO,  gave  860° ;  and  with  three  of  CO,  780°.  With  four 
Tolnmes  CO,,  the  mixture  burned  only  in  contact  with  a  flame. — 
Oaz.  Ckim,  ItaLy  vii,  422,  Sept.  18VV.  o.  f.  b. 

b.  On  the  principie  of  Maximum  Work^  as  illustrated  by  the 
Spantansious  deeampositum  of  Barium  perhydrate.^-^A^  a  funda- 


144  Scientific  Intelligence 

mental  deduction  from  his  thermochemical  researohes,  Bbbthslot 
proved  long  ago  the  tendency  of  chemical  systems  toward  that 
composition  which  corresponds  to  the  maximum  evolution  of  heat. 
He  now  notes  an  excellent  illustration  of  this  law  in  the  case  of 
barium  perhydrate,  which  decomposes  spontaneously,  while 
barium  peroxide  is  permanent.  A  specimen  of  BaO,  prepared 
in  1874  contained  0*4  oxygen  in  excess,  and  in  1877,  9'2  of  this 
oxygen ;  showing  its  permanence.  The  hydrate  however,  BaO, 
(HgOly,  prepared  pure  and  kept  moist,  gradually  decompoees, 
gas  bubbles  of  oxygen  developing  in  the  mass,  generating  a  pres- 
sure in  the  vessel,  and  formmg  a  crystalline  mass  of  barium 
hydrate  BaO,  (H^O),^.  This  decomj^osition  is  even  more  rapid 
under  water.  A  specimen  prepared  in  1874  and  kept  moist,  had 
lost  in  1877  a  fifln  of  it49  oxygen;  while  another  portion  kept 
under  water  had  lost  nearly  all.  In*  explanation  of  these  facts, 
Berthelot  shows:  (1)  that  barium  dioxide  absorbs  heat  in  decom- 
posing, BaO^zzBaO-f-O  absorbing  12*1  calories,  and  hence  can- 
not decompose  without  the  aid  of  foreign  energy ;  (2)  that  the 
decomposition  of  barium  dioxide  or  perhydrate  into  barium 
hydrate  and  free  oxygen,  on  the  contrary,  evolves  heat,  BaO^-f 
H20=Ba(0H)2+0  evolving  5*62  calories  if  the  water  be  con- 
sidered liquid,  or  4*0  if  solid;  and  hence,  as  Boussingault  has 
observed,  aqueous  vapor  can  displace  the  oxygen,  the  heat  eyolved 
being  15*2  calories,  since  the  two  bodies  are  in  the  same  physical 
state.  In  the  same  way  BaO,(H,0),-f.(H,0)^=BaO(H,0)„+0, 
evolving  10*6  calories,  or  6*4,  as  the  water  is  liquid  or  solid. 
Hence  barium  perhydrate  decomposes  spontaneouslv  and  at  the 
ordinary  temperature.  "  Thus,"  says  Berthelot,  "  tie  secret  of 
spontaneous  decomposition  of  barium  perhydrate  is  not  to  be 
found  in  any  symbolic  considerations,  drawn  from  a  figurative 
arrangement  of  atoms ;  but  is  explained  by  very  simple  and  very 
obvious  principles,  resulting  from  the  regular  action  of  molecular 
mechanics." — BvU,  Soc,  (Jh,^  11,  xxviii,  602,  Dec.  1877.    G.  p.  b. 

6.  On  the  Hydrocarbon  called  IdryL — Goldschmibdt  has  sub- 
mitted to  extended  examination  the  mixture  of  hydrocarbons 
found  in  the  quicksilver  chambers  of  Idria,  from  which  B6decker 
obtained  the  hydrocarbon  which  he  called  idryL  The  crude  ma- 
terial was  the  alcoholic  extract  of  the  chamber  deposit,  and  fused 
from  75^  to  86°.  By  solution  in  alcohol,  diflScultly  soluble  flocks 
were  observed  which  were  filtered  off  and  marked  A.  They  fused 
at  about  200"^.  From  the  filtrate,  or  from  the  more  fusible  por- 
tions of  the  crude  material,  only  very  small  quantities  of  A  were 
obtained.  On  distilling  the  raw  product  in  a  current  of  CO^  a 
white  substance  was  obtained  fusing  at  100°,  which  was  crystal- 
lized from  alcohol  and  by  sublimation  (B^.  The  residues  were 
dissolved  in  alcohol  and  mixed  with  a  boilmg  saturated  alcoholic 
solution  of  picric  acid.  Red  crystalline  precipitates  were  thus 
obtained,  most  abundantly  from  the  portions  of  lower  melting 
point.  On  concentration,  additional  picrate  was  obtained  but 
lighter  in  color  as  it  was  more  soluble.    The  portions  having 
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nearly  the  same  fusing  point  were  united  and  recfystallized  till 
this  point  was  constant ;  eighty  fractions  being  in  this  way  con- 
densed into  three,  llie  first  (C)  was  in  dark  red  flexible  needles, 
iusing  at  220° ;  the  second  (D)  was  in  large  bright  red  brittle 
needles,  fusing  at  185° ;  the  third  (E)  was  in  gold-yellow  fine  deli- 
cate needles,  which  fused  at  144°.  On  examining  the  fractions 
obtained  A  yielded  a  small  quantity  of  a  body  insoluble  in  ben- 
aene  and  probably  chrysene ;  the  larger  portion  was  anthracene. 
The  fraction  B  was  phenanthrene,  the  fraction  C  pyrene,  and  the 
fraction  D  a  new  hydrocarbon  having  the  formula  C  H,,,  which 
though  not  identical  with  B5decker's  substance — this  oeing  prob- 
ably a  nuKture  of  pyrene  and  phenanthrene — the  author  proposes 
to  call  idryl.  Further  researches  upon  its  constitution  are  in 
progress. — Ber.  Berl.  Chem.  Ges.^  x,  2022,  Dec,  18V7.     g.  p  a 

7.  On  the  Determination  of  Nitrogen  in  Nitroglycerin, — Laubb 
and  Adob  have  made  a  series  of  experiments  to  ascertain  the  best 
method  of  determining  nitrogen  in  nitroglycerin.  Solution  of  the 
nitroglycerin  from  a  dynamite  with  ether,  evaporation  of  the  ether 
and  aolution  in  potassium  hydrate  in  excess,  and  then  determination 
of  the  nitrogen  oy  Reichhardt's  method,  gave  to<»  low  results.  The 
dynamite  was  then  shaken  with  water,  the  deposited  nitroglycerin 
dnsoived  in  alcohol,  the  alcoholic  solution  treated  with  potash  and 
tlie  nitroffen  determined  as  above ;  this  method  also  rave  too  low 
reBulta.  Finally  80  grams  copper  oxide  were  mixed  with  the  nitro- 
glycerin and  burned  by  Dumas's  method.  The  combustion  went 
on  qnietly  and  yielded  the  theoretical  quantity,  18*5  per  cent. — 
Ber.  BerL  Chem.  Qes.^  x,  1982,  Dec.  1877.  o.  f.  a 

8.  On  Aromatic  Hydantoins. — By  the  direct  union  of  cyanic 

CH  NH 
add  and  glycocoU,  hydantoic  acid  is  produced :    i    '       *-j-CONH 

=CO^^«Vtt  noOH     ®y  ^^®*  ^^  water,  hydantoin  is  formed 

CO>w     „     1„  .     Hydantoin  and  its  homologues  methyl-hydan- 
NH  — OH, 

toin,  may  also  be  formed  by  fusing  together  glycocoll  or  the  corre- 

sponding  homologues  of  it  with  urea :   |4^^„  ''"^^^Kh' 

W(C  H  J  -  CH,         ^ 
=00*^  1^  +  H,0  +  NH,.     ScHWEBEL  has  succeeded 

NH  CO 

m  forming  a  phenyl-hydantoin  by  fusing  together  pbenyl-glycocoU 

vNH  CO 

with  urea:  ^^v-^^/p  xi   Ayr  •     Phenyl-hydantoic  acid  was  not 

obtuned.  When  howeyer,  potassium  cyanide,  ammonium  sulphate 
ind  pbenyl-glycocoll  in  aqueous  solution  are  allowed  to  stand  for 
some  days  at  40°  the  filtrate  after  separation  of  the  potassium 
ralphate  by  alcohol^  yielded  abundance  of  phenyl-hyaantoin. — 
Bar.  BerL  Chem.  Get.,  x,  2045,  Dea  1877.  a.  f.  b. 

Ail  Joob.  8ct.— Thtrd  Smm,  Vol.  XV,  No.  SO.~Fbb.,  1878. 

10 
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9.  On  the  Behavior  of  Benzoic  acid  in  the  Organism  of  Birds. 
— Jaff£  has  taken  up  anew  the  question  of  the  change  which 
benzoic  acid  undergoes  in  the  organism  of  birds,  first  investiffated 
by  Meissner  and  Shepard.  He  confirms  the  result  of  these  Utter 
chemists  that  no  hippuric  acid  is  formed,  but  that  an  acid  is  ex- 
creted which  like  hippuric  acid  is  a  paired  benzoic  acid.  To  tbifl 
acid  he  given  the  name  omithuric  acid.  He  prepares  it  by  ex- 
tracting with  alcohol  the  fresh  excreta  of  hens  fed  on  benzoic  add, 
evaporating  the  alcohol,  extracting  again  with  hot  absolute  alcohol, 
and  evaporating.  The  strongly  acid  liquid  is  mixed  with  water, 
and  repeatedly  agitated  with  ether,  to  remove  fatty  impurities. 
The  residue  is  treated  with  dilute  sulphuric  acid,  and  again  agi- 
tated with  more  ether.  The  etherial  solutions  are  concentrated 
and  allowed  to  stand  for  some  days  in  a  cool  place.  The  oni- 
thuric  acid  separates  in  crystalline  masses,  having  when  pure  the 
empirical  formula  C,,H,,N,0^.  Boiled  with  hydrochloric  acid  it 
gives  benzoic  acid  and  a  new  base  C^H  (NH,),0„  diamidovaleiie 
acid. — Ber.  Berl.  Chem.  Ges,^  x,  1926,  Nov.  18VT.  o.  f.  b. 

9.  Ze  Sage^e  Theory  of  6ravitatio7i  j  hj  James  Cboul,  IXJ)., 
F.R.S. — Le  Sage's  Theory  of  Gravitation  is  at  present  exciting  a 
good  deal  of  attention  among  physicists.  This  is  perhaps  to  a 
considerable  extent  due  to  the  fact  that  some  of  the  conditioos 
arbitrarily  assumed  by  Le  Sage  in  his  hypothesis,  have  been 
proved  to  follow  as  necessary  consequences  from  the  kinetic  theory 
of  gases. 

A  clear  and  able  account  of  this  theorv  of  gravitation  has  been 
given  by  Mr.  Preston  in  the  Philosophical  Magazine  for  September 
and  November  last.  Mr.  Preston  has  endeavored  to  answer  all 
the  objections  which  have  been  ur^ed  against  the  theory ;  but  in 
one  case  at  least  he  seems  to  me  to  nave  failed.*  It  is  a  necessary 
condition  of  Le  Sage's  theory,  in  order  that  gravity  may  be  pro- 
portional to  mass,  that  the  total  volume  of  the  free  spaces  m  a 
substance  in  the  form  of  interstices  between  the  moleculea  most 
be  great  compared  with  the  total  volume  of  matter  contained  in 
the  molecules  themselves.  This  condition  of  free  interstices  Mr. 
Preston  considers  to  be  satisfied  by  assuming  the  molecules  to  be 
small  as  compared  with  their  mean  distances. 

Were  we  at  liberty  to  make  any  assumptions  we  chose  in  refe^ 
ence  to  the  smallness  of  the  molecules  of  matter  and  their  distance 
apart,  we  might  be  able  to  satisfy  the  conditions  required  as  to 
mass.  This,  nowever,  we  are  not  at  liberty  to  do,  for  modem 
physics  has  enabled  us  to  determine,  at  least  roughly,  the  size  of 
the  ultimate  molecules  of  matter  and  also  the  distances  between 

*  In  an  interesting  article  on  Kinetic  Theories  of  Gravitation  by  Mr.  W.  E 
Taylor  published  in  the  Smithsonian  Report  for  IS'TS,  he  lays  down  six  fimda- 
mental  characteristics  of  gravitation  with  which  evozy  theory,  be  says,  most 
agree.  Of  these  six  requirements,  Le  Sage's  theory  he  maintains  satiBfiee  bat 
two,  namely,  (1)  that  the  direction  of  gravity  is  radial  toward  the  acting  mass, 
and  (2)  that  its  intensity  diminishes  as  the  square  of  the  distance.  But  some  of 
Mr.  Taylor's  objections  have  already  been  met  by  Mr.  Preston  in  his  memoir. 
Besides  one  or  two  of  Mr.  Taylor's  fundamental  postulates  seon  donbtfuL 
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them.  This  subject  has  recently  been  investigated  by  Sir  William 
Thomson,  who  has  given  full  details  of  his  resalt  in  a  remarkable 
paper  in  ^'Natnre"  vol.  i,  p.  551.  Sir  William  says  the  diameter 
of  the  molecule  cannot  be  less  than  Tinr.oJ  0,000  ^^  ^  centimeter. 
The  number  of  molecoles  in  a  cubic  centimeter  of  a  liquid  or  a 
solid  may,  he  says,  be  from  8X10"  to  8X 10".  This  gives  the  dis- 
tance from  center  to  center  of  two  consecutive  molecules  to  be 
fro™  i40,oio.ooo  ^  TgTr,oh,ooo  of  a  centimeter.  Now,  if  we  take 
the  mean  of  these  two  valties  we  have  ^inr.Tr^.innr  of  a  centimeter 
for  the  distance  between  the  centers.  The  mean  sptxees  between 
the  molecules  are  therefore  less  than  the  diameter  of  the  molecules 
themselves.  Under  this  condition  of  things  it  must  be  absolutely 
impossible  that  a  gravific  particle  even  though  it  were  infinitely 
small  could  penetrate  to  the  extent  of  a  thousandth  part  of  a 
oentimeter,  into  the  interior  of  a  body  without  having  its  motion 
stopped  by  coming  into  collision  with  a  molecule.  Le  Sage's 
theory  appears  therefore  to  be  utterly  irreconcilable  with  Sir 
William's  conclusions  regarding  the  size  of  the  material  molecule. 
But  even  supposing  we  were  to  assume,  what  we  are  hardly  war- 
ranted in  domg,  that  the  molecules  are  10,000  times  smaller  and 
their  distances  10,000  times  greater  than  Sir  William  Thomsott 
concludes,  still  this  would  not  assist  the  theory.  The  gravifie 
rarticles  would  then,  no  doubt,  penetrate  a  little  further  into  the 
mterior  of  a  body,  but  beyond  a  few  feet  or  perhaps  a  few  inches 
no  particle  could  go.  (Communicated  by  the  Author.) — PhiL 
Jfo^.,  Jan.,  18V8. 

10.  On  the  ITiermal  Conductivity  and  Diathermancy  of  Air 
and  Hydrogen, — Dr.  Hbnby  Buff,  Professor  of  Physics  in  the 
University  of  Giessen  has  undertaken  the  revision  of  the  work 
of  Magnus,  Tyndall  and  others  upon  this  subject.  The  apparatus 
used  was  similar  to  that  of  Magnus,  which  is  essentialW-  as  fol*- 
lows :  Upon  a  vertical  cylinder  of  thin  glass,  56  mm.  in  diameter 
and  160  muL  in  height,  there  was  fused  another  cylinder  of  the 
same  diameter  but  of  100  mm.  in  height.  These  cylinders  were 
separated  by  a  thin  glass  plate.  A  cork  closed  the  lower  open- 
ing of  the  cylindrical  vessel  and  through  this  passed  the  glass 
tubes  provide<l  with  stop  cocks,  by  means  of  which  the  vessel 
could  be  filled  with  any  eas  at  any  pressure.  A  thermometer  was 
inserted  through  a  tubuTature  about  50  mm.  below  the  thin  glass 
plate  placed  in  a  horizontal  position.  The  upper  vessel  was  filled 
with  boiling  water,  which  was  kept  in  ebullition  during  the  ex- 
periment by  the  introduction  of  steam.  To  guard  a^^inst  radia- 
tion the  apparatus  was  placed  in  a  beaker  and  this  beaker  in 
another  filled  with  water  of  a  constant  temperature.  Magnus 
found  with  this  apparatus  that  the  heat  rays  are  partially  ab- 
sorbed by  their  passage  through  air.  With  hydrogen,  however^ 
he  found  that  the  temperature  increased  with  the  density,  and 
even  at  ordinary  atmospheric  pressure  it  had  greater  diathermancy 
than  a  vacuum.  He  accordingly  concluded  that  hydrogen  was 
similar  to  the  metals  in  regard  to  conducting  power.    Dr«  Buff's 
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ftpparatnfl  wai  similar  to  that  of  Magnus,  with  the  exception  that 
m  orass  cylinder  was  cemented  npon  the  glass  yeesel ;  instead  of 
the  thin  gl^^M  plate  a  polished  metallic  surface,  constitoting  the 
bottom  of  the  orass  vessel,  fiiced  the  enclosed  thermometer,  a 
doable  wall  sarronnded  the  cylinder  filled  with  cotton  wool  to  pro- 
Tent  too  nmid  cooling.  The  glass  cylinder  was  20  cm.  hi^h  and 
7*5  cm.  in  diameter — its  lower  edge  was  ground  so  as  to  fit  air-tight 
upon  the  plate  of  an  air  pump.  The  thermometer  in  Mmgnui^ 
apparatus  was  superseded  by  a  thermo-electric  one  formed  of  flat- 
tened German  silver  and  iron  wires  soldered  together.  This 
junction  is  placed  very  near  the  bottom  of  the  brass  cylinder  and 
the  leading  wires  were  conducted  through  the  plate  of  the  air 
pump.  The  whole  apparatus  was  surrounded  by  a  wider  glan 
cylinder  which  also  fitted  upon  the  plate  of  the  air  pump  and 
the  enclosed  space  could  be  filled  with  water.  With  this  &p(M- 
ratus.  Buff  diacusses  the  controversy  between  Magnus  and  TVti- 
dall  in  r^ard  to  the  diathermancy  of  moist  air.  Although  his 
experiments  are  not  completed,  Buff  finds  that  his  results  i^ree 
pretty  closely  with  those  of  Magnus,  and  cannot  believe  with 
Tyndall  that  the  thermal  absorption  of  moist  air  is  from  twenty 
to  forty  times  greater  than  diy  air.  He  sums  up  his  results  as 
follows : — 

il.)  ''The  thermal  conductivity  of  hydrogen  and  of  other  gases 
ar  too  small  to  admit  of  its  being  proved  by  the  method  Mag- 
nus adopted.  The  assumption  that  the  conductivity  of  hydrosen 
is  similar  to  that  of  the  metals,  if  by  this  statement  anything 
more  is  meant  than  that  hydroccen,  like  solid  and  liquid  bodies,  is 
capable  of  transmitting  heat  from  molecule  to  molecule,  is  there- 
fore not  justified. 

(2.)  On  the  other  hand,  hydrogen  possesses  a  diathermancy 
closely  approaching  that  of  a  vacuum. 

(3.)  Dry  air  absorbs  from  fifty  to  sixty  per  cent  of  the  rays  of 
heat  which  it  receives  from  a  source  heated  to  the  boiling  point 
of  water. 

(4.)  l*he  absorptive  power  of  moist  air  surpasses  that  of  dry 
air  by  a  trifling  percentage,  but  by  no  means  to  such  a  degree  as 
hitherto  had  been  assumed  by  several  physicists. 

(5.)  Rock  salt  is  not  absolutely  diathermanous  for  the  so-called 
dark  rays  of  heat ;  its  thermal  color  rather  resembles  that  of  dry 
%\T.'**—Phil  Mag.,  Dec.  1877,  page  401.  j.  t. 

]  1.  Spectrum  of  the  BZectrie  Spark  in  eompreseed  gaeeB, — Cjjsik 
and  WttLLinEii  have  been  experimenting  separately  upon  the  sub- 
ject. Gazin  expresses  his  results  as  follows :  The  electric  spark 
resembles  an  ordinary  gas  flame.  In  both  sources  of  light  there 
are,  beside  the  peculiar  vaporous  particles  which  give  line  spectra, 
other  solid  and  liquid  particles  wnich  give  a  continuous  spectrum. 
The  admixture  of  the  last  which  arises  from  the  character  of  the 
electrodes  and  sides  of  the  containing  vessel  increases  with  the 
pressure,  so  that  finally  the  line  spectrum  upon  the  higher  con- 
tinuous spectrum  disappears.    In  the  soKmlled  aureole  the  mate- 
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rial  particles  are  wanting,  and  the  aureole  can  be  compared  to  the 
Une  basis  of  the  ordinary  gas  flame.  Cazin  enclosed  nitrogen  in 
a  species  of  quicksilyer  pizometer ;  the  electrodes  were  of  plati- 
num. Beginning  with  two  atmospheres,  the  channelled  spaces 
and  all  the  nitrogen  lines  save  six  disappeared.  At  ten  atmo- 
spheres only  the  tines  A=667  and  A =500,  together  with  a  very 
bright  line  A =424,  which  first  appeared  under  five  atmospheres, 
and  was  attributed  by  Cazin  to  nitrogen,  remained.  These  tines 
which  were  not  perceptible  at  ordinary  pressures,  together  with 
the  always  present  sodium  lines  and  a  platinum  line  which  ap- 
peared at  fifteen  atmospheres  of  pressure,  remained  up  to  forty 
atmospheres.  These  results  needed  to  be  confirmed  by  the  checK 
of  photography,  and  Herr  Cazin  has  already  obtained  interesting 
oonfirmations  oy  this  process.  The  above  results  were  obtained 
by  passing  the  spark  through  the  vapor  of  hyponitrous  acid  at  a 
pressure  of  thirty  atmospheres.  Herr  WtlUner  objects  to  the  con- 
elasiona  of  Cazin  that  the  continuous  spectrum  is  due  to  the 
broadening  of  the  bright  lines.  According  to  WtlUner  thb  is 
only  the  case  for  the  hydrogen  and  a  portion  of  the  oxygen  speo- 
tmm.  The  phenomenon  noticed  by  Cazin  in  the  nitrogen  spectrum 
was  due  to  admixtures  of  carbon  compounds,  especially  the  car- 
bonates. Wtlllner  has  obtained  a  third  order  of  spectra  from 
nitrogen,  and  he  attributes  Cazin's  results  to  the  fact  that  by 
increasing  the  pressure  he  was  able  to  pass  from  one  spectrum  to 
another. — BeiMdtter  Physik  and  Chemie^  No.  11,  p.  620.    j.  t. 

IL    GEOLOaY    AND    MINERALOGY. 

1.  Silurian  Plants ;  by  Leo  Lesquereux.  12  pp.  8vo.  From 
the  Proceedings  of  the  Amer,  Phil.  Soc,  Oct.  19,  1877. — ^Mr.  Les- 
quereux has  here  published,  with  a  plate  for  illustration,  his  latest 
&ct8  respecting  the  land  plants  of  the  Ohio  Lower  Silurian,  first 
announced  by  him  in  this  Journal  for  January,  1874  (p.  31).  The 
recent  report  by  Count  Saporta  of  a  discovery  of  a  fern  from  the 
Silurian  slates  of  Angers,  France,  probably  of  the  age  of  the  Cin-^ 
cinnati  group,  first  brought  out  in  1876,  gives  additional  import* 
ance  and  interest  to  the  earlier  discoyeries  in  Ohia  Mr.  Lesque- 
reux calls  the  species  he  fir8t  described  ProtosHgm«i  sigiUaroidea  ; 
and  adds  now,  from  the  same  rocks — the  Cincinnati  group,  near 
Cincinnati,  SpfienophyUnm  primcevurn  Lesqx.,  Psilophytum  gra- 
ciUimum  Lesqx.  (near  Covington,  Ky.,  opposite  Cincinnati). 

In  this  paper  Mr.  Lesquereux  also  describes  a  Fungus  {Hhi-^ 
zoraorpha  sigiUarice  Lesqx.),  found  in  connection  with  a  Sigilla- 
ria  in  caunel  coal  at  (/annelton,  Beaver  Co.,  Kentucky. 

2.  Modified  drift  in  New  Hampshire;  by  Warren  Upham, 
176  pp.  roy.  8vo.  From  the  third  volume  of  the  final  Report  ot 
the  Geology  of  New  Hampshire.  Concord,  N.  H.  1877. — Mr. 
Upham's  memoir  treats  of  the  drift  deposits,  more  or  less  strati- 
fied, which  occur  along  the  river  valleys,  about  the  lakes,  and  on 
the  sea  shores  of  New  Hampshire.    It  is  the  result  of  a  careful 
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stady  of  these  Qnatemaiy  deposits,  carried  on  while  acting  as 
assistant  geologist  in  the  surrey  of  the  State.  The  conclosiODS 
here  brought  out  with  regard  to  the  long  grayel  deposits  of  the 
larger  yalTeys,  which  had  been  called  kames,  or  eskers,  are  given 
at  length  in  the  last  volume  of  this  Journal,  in  an  article  contrib- 
nted  by  himself.  All  parts  of  the  subject  are  worked  up  with 
thoroughness  and  the  facts  are  given  with  full  details  in  the  vol* 
ume.     The  memoir  is  well  illustrated  by  niaps  and  sections. 

8.  Ueber  cku  KrystalkyHem  nnd  die  Winkel  des  Glimmen; 
von  N.  V.  KoKscHABOw. — The  monograph  of  the  eminent  Rnssian 
mineralogist  upon  the  crystallization  of  the  micas  covers  some 
eighty-five  pages  quarto,  mcluding  the  results  of  a  long  aeries  of 
accurate  observations.  The  }>rincipal  conclusions  arrived  at  are 
as  follows : — ^That  all  the  micas,  without  exception,  belong  to  the 
orthorhombic  system,  with  monoclinic  habit ;  that  with  them  all 
the  plane  angle  of  the  base  (cleavage  plane),  and  also  that  of  the 
fundamental  prism  is  exactly  120°,  consequently  when  the  acute 
edges  are  truncated  the  prism  is  geometrically  a  hexagonal  one. 

The  ratio  of  the  axes  is  c  (vertical) :  b :  &=2*84963  :  1*78205  : 1. 
The  author  gives  also  a  list  of  the  crystalline  planes  observed  by 
him  and  others,  and  a  discussion  of  the  methods  of  twinning. — 
Memoirs  of  the  Imperial  Academy  of  St,  Petereburg^  May  7, 1877. 

B.  8.  D. 

4.  Die  Glimmergruppe  ;  1  TheU^  von  O.  TBchermak, — The  me- 
moir by  Prof.  Tschermak  upon  the  mica  familv,  of  which  the  first 
part  has  been  received,  has  been  long  promised,  and  is  of  espe- 
cial interest  in  view  of  the  earlier  monograph  mentioned  above. 
In  the  present  portion  of  the  memoir,  the  author  gives  in  detail 
his  crystallographical  and  optical  examination  of  the  difiTerent 
species  of  the  mica  family,  reserving  the  discussion  of  their  chem- 
ical relations  to  a  second  paper.  The  exact  determination  of  their 
optical  characters  has  enabled  the  author  to  prove  that  all  the 
micas,  although  a  variation  in  angle  from  the  orthorhombic  form 
may  not  be  established,  are  neverSieless  monoclinic. 

The  micas  are  divided  into  two  groups;  with  the  first  the  plane 
of  the  optic  ages  is  perpendicular  to  tne  plane  of  symmetry  and 
with  the  second  is  parallel  to  it ;  they  are  as  follows : — 

L  n. 

Biotites: —  Anomite.  Meroxene,    Lepidomelaiie. 

Phlogopitee: —  Phlogopite,  Zinnwaldito. 

MuBoovites : —      Lepidolite. 

Muscovite. 

Paragonite. 
Margarites : —      Margarite. 

The  name  Meroxene^  first  introduced  by  Breithaupt,  is  em- 
ployed by  the  author  to  include  all  the  magncinia  micas  of  Vesuvius, 
and  also  all  other  magnesia  micas  closely  related  to  them  and  not 
falling  into  the  other  divisions.  On  the  other  hand  the  magnesia 
micas  which  fall  into  the  second  class  as  defined  above  are  called 
anomite  (6r.  avo^ico) ;  in  this  class  falls  the  mica  of  L.  Baikal, 
and  that  of  Greenwood  Furnace,  N.  Y. —  Vienna  Academy. 

K.  8.  D. 
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III.  Botany  and  ZooLoay. 

!•  T%e  HybridisBotion  of  Xdlies ;  by  F&anois  Pabkh an. — In 
Na  15  of  the  second  volume  of  the  BiUletin  of  the  Bu$sey  Instt- 
tuiion^  under  the  abovj  title,  Mr.  Parkman  gives  a  summary  of  his 
experiments,  during  ten  or  twelve  years,  in  crossing  Lilies.  One 
of  the  earlier  results,  and  that  which  the  horticulturists  count  as 
the  eminent  one,  was  the  production  of  that  magnificent  hybrid 
between  L  auratuni  and  X.  speciosum,  with  flower  resemblinj^  the 
former  in  fragrance  and  form  and  the  most  brilliant  varieties  of 
the  latter  in  color,  which  was  brought  out  in  England  under  the 
name  of  Lilium  Parkmanni.  The  interesting  physiological  point 
which  Mr.  Parkman  here  records  is,  that  this  striking  novelty  was 
wholly  unique ;  that  all  the  other  seeds  of  the  same  parentage 
which  germinated,  over  fifty  in  number,  gave  rise  to  plants  which 
in  the  blossom  showed  no  trace  of  the  male  parent,  L.  auratum 
but  were  exactly  like  the  female  parent,  L,  apecioaum.  That 
these  plants  were  truly  hybrids,  notwithstanding,,  is  well  made 
out,  1,  by  the  precautions  taken  against  any  possible  access  of 
own  pollen ;  2,  by  the  scantiness  of  seed,  most  of  which  was  abor- 
tive ;  8,  ^*  such  good  seed  as  there  was  differed  in  appearance  from 
the  seed  of  the  same  lily  fertilized  by  the  pollen  of  its  own 
species,'^  which  is  smooth,  while  this  was  rough  and  wrinkled, 
and  4,  the  stems  were  mottled  after  the  manner  of  the  male 
parent. 

It  would  naturally  be  thought  that  this  slight  but  evident  im- 
pression of  the  character  of  the  male  parent  might  be  deepened 
by  iteration.  That  was  tried  next  year,  when  the  flowers  of 
several  of  these  plants  were  fertilized  with  the  pollen  of  X.  anratum 
precisely  as  their  female  parent  had  been  fertilized.  The  result 
was  an  extremely  scanty  crop  of  seed,  '^  but  there  was  enough  to 
produce  8  or  10  young  bulbs.  Of  these,  when  they  bloomed,  one 
Dore  a  flower  combining  the  features  of  both  parents,  but  though 
large,  it  was  far  inferior  to  L.  Parkmanni  in  torm  and  color;  the 
remaining  flowers  were  not  distingi;iishable  from  those  of  the 
pure  L,  9pecio8umy  The  article  records  the  results  of  various 
similar  attempts  to  hybridize  other  lilies.  For  instance,  our  L, 
saperbum  was  poUenized  with  eight  different  old-world  species. 
The  result  was,  that  capsules,  apparently  perfect,  were  abundantly 
produced;  some  of  them  contained  nothing  but  chaff,  others  had 
a  few  imperfect  seeds,  still  others  gave  a  fair  supply  of  good  seed. 
From  this  seed  several  huodred  young  bulbs  were  produced. 
*^  But  when  these  came  into  bloom,  not  a  single  flower  of  them  all 
was  in  the  least  distinguishable  i'rom  the  pure  X.  st/perhnm.^^ 
Moreover,  in  this  case  (different  from  the  other)  *'  not  one  of  the 
eight  different  male  parents  had  imposed  his  features  on  his  hybrid 
ofipring.  Not  only  in  their  flowers,  but  in  their  leaves,  stems 
and  bulbs,  the  young  plants  showed  no  variation  from  their 
maternal  parent.^  The  experiment  proceeded  one  generation 
farther.     ^^  In  the  following  year  I  set  some  of  them  apart  from 
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the  rest,  and  applied  to  them,  as  to  their  mother  before  them,  the 
pollen  of  several  species  of  lilies.  This  time  the  seeds  were  ex- 
tremely scanty.  A  few,  however,  were  produced ;  bat  the  plants 
and  flowers  that  resulted  from  them  were,  to  all  appearsnoe^Xb 
miperbum  pure  and  simple.'* 

In  trials  of  other  species  results  intermediate  between  theee  two 
cases  were  obtained.  For  instance  the  pure  white  of  the  periantii 
of  L.  lonffiflorum  came  out  unstained  in  the  progeny  raised  by 
a  crossing  with  Z.  epeciasum ;  and  the  herbi^  was  equally 
unaffected ;  but  in  that  or  the  next  generation  ^'  distinct  evidenee 
could  be  seen  of  the  action  of  alien  pollen"  in  the  changed  color  of 
many  of  the  anthers,  and  in  the  abortion  of  others.  They  dso 
showed  differences  of  habit  among  themselves,  some  being  very 
tall  and  vigorous,  and  others  compact  and  bushy,  with  a  tendency 
to  bloom  in  clusters;  but  these  may  have  been  mere  seedling 
variations,  with  which  the  hybridization  had  nothing  to  do.'*  Tet 
some  of  these  marks  correspond  with  known  results  of  hybridiza* 
tion. 

That  offspring  should  partake  unequally  of  the  characters  of  the 
two  parents  is  a  matter  of  common  observation.  That  in  the  genus 
Lilitim  the  hybrid  offspring  should  in  forty  instances  out  of  fifty  take 
almost  all  its  traits  fivDm  the  female  parent,  as  Mr.  Parkman  has 
shown,  is  verv  remarkable.  That,  in  not  a  few  instances,  it  should 
take  them  all,  so  far  as  can  be  seen — that  the  paternal  influence 
should  be  represented  by  zero— is  most  extraordinary.  If  par- 
thenogenesis m  plants  were  more  unequivocally  demonstratea,  so 
as  to  be  placed  m  certain  instances  quite  beyond  doubt  (which  is 
hardly  the  case),  then  we  should  regard  the  supposition  which 
Mr.  Parkman  mentions  as  having  been  suggested  to  him,  vis :  that 
in  the  case  of  L,  superbum  the  embryo  was  developed  wiUiout 
male  influence,  to  be  quite  as  likely  as  the  alternative  of  the 
progeny's  inheriting  everything  from  the  female  and  nothing  from 
the  male  parent ;  in  fact  the  two  suppositions  approximate  to  the 
same  thing.  We  are  supposing  the  total  absence  of  male  parent's 
characters,  and  also  that  the  alternative  of  fertilization  by  chance 
pollen  of  the  species  is  absolutely  excluded.  Of  this  there  is  very 
nigh  probability,  yet  not  entire  certainty.  One  of  Mr.  Parkman's 
^^  reasons  for  believing  that  parthenogenesis  had  nothing  to  do 
with  the  cases  in  question,"  viz.,  that  some  of  the  lilies  were 
voung  plants  that  never  had  bloomed  before,  has  no  application, 
but  comes  from  a  slight  confiision  of  the  idea  of  parthenogenesis 
with  the  effect  in  some  animals  of  a  previous  male  influence  upoD 
next  succeeding  progeny,  which  is  quite  a  different  thing. 

The  fact  that  more  tnan  one  sort  of  hybrid  may  be  generated 
between  the  same  two  species,  copulated  in  the  same  way,  must  do 
away  with  the  old  mode  of  naming  hybrids  by  a  combination  of 
the  name  of  the  two  parents,  that  of  the  male  preceding.  The 
plan  had  the  double  advantage  of  indicating  the  origin  of  the 
cross,  and  of  distinguishing  hybrids  from  species  in  nomenclature ; 
but  in  practice  it  proves  inbumcient.  a.  g. 
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2.  Thvret'^9  Gardetu — Upon  the  death  of  M.  Thnret  and  the 
sale  of  his  place  at  Antibes,  it  waB  feared  that  his  noble  and  un- 
sarpassed  collection  of  living  plants,  of  special  botanical  interest, 
would  be  broken  up.  But  it  is  now  stated  (Gard.  Chron.,  Dec.  16) 
that,  ^^  thanks  to  the  generosity  of  Madame  Louise  Fould,  it  will 
for  the  future  be  devoted  to  public  uses  in  connection  with  the 
Jardin  des  Plantes  at  Paris."  An  adjunct  of  this  sort  in  Mediter- 
ranean climate  is  just  what  the  Jardin  des  Plantes  needs ;  and  this 
enaaree  not  only  the  preservation,  but  the  increase  and  the  scien- 
tific usefulness  of  a  very  rich  collection  of  warm-temperate  plants 
of  all  countries,  specially  those  of  dry  regions.  a.  o. 

3.  I}r,  EngfimantCs  new  botanical  Papers  in  the  7Vanea€tion$ 
of  the  Acad.  tSci.  St.  Louia^  voL  iii,  Nov.-Dec,  1877. — The  most 
important  of  these  papers  is  an  appendix  to  that  on  The  Oaks 
of  the  United  States,  read  in  the  spring  of  1876,  and  pub- 
lished soon  afterward.  A  full  notice  of  it  appeared  in  this 
Journal.  The  continuation,  of  as  many  pages  (21),  is  equally 
worthy  of  particular  notice ;  but  it  is  more  difficult  to  give  an 
abstract  of  it,  and  the  space  is  wanting.  Certain  corrections  are 
made,  an  improved  classified  enumeration  of  our  species  is  given ; 
then  follow  ^^  additional  notes,"  a  continuation  of  these,  and  finally 
more  additional  notes.  We  have  not  yet  the  last  word;  but 
thoioaghly  conscientious  work  of  this  kind  is  most  valuable. 
Now  that  the  Oaks  are  comparatively  clear,  we  look  to  Dr.  Engel- 
mann  for  the  elaboration  of  our  Coniferas.  A  good  contribution 
is  made  in  the  second  paper  before  us :  ^'  The  American  Junipers 
of  the  section  Sdbina^  which  fills  ten  pages  with  the  discussion 
oi  our  nine  species,  Mexican  and  West  Indian  being  included. 
The  third  paper  is  a  small  one  on  The  Flowering  of  Agave  Shawii^ 
with  a  plate  illustrating  fioral  details.  It  must  suffice  merely  to 
announce  these  publications,  which  are  indispensable  to  working 
botanists.  a.  o. 

4.  A  new  range  for  two  Orchids  is  given  by  the  Rev.  Dr. 
WimiB  of  Oswego,  New  York,  who  sends  Listera  australis  and 
Habenaria  kucophlceay  gathered  by  him  in  ^^  Lily  Marsh,"  nine 
miles  east  of  Oswego.  The  first  was  not  known  north  of  the  pine 
barrens  oi  New  Jersey,  and  is  a  southern  plant.  The  second  be- 
longs to  the  district  from  central  Ohio  west,  but  Mr.  Hankenson 
had  already  detected  it  in  Wayne  Co.,  in  the  western  part  of  New 
York.  Pastor  Wibbe  also  sends  a  polymerous  state  of  Trillium 
erythroearpum.  Something  of  the  kind  not  rarely  occurs  in  TVil- 
Hum.  This  plant,  which  has  been  constant  since  discovered  five 
years  ago,  has  all  the  parts  from  leaves  to  carpels  regularly  in- 
creased (in  the  leaves  apparently  by  chorisis)  from  three  to  nine, 
except  that  the  stamens  hardly  Keep  up  to  double  the  number  of 
the  petals.  a.  g. 

5.  Botanische  Untersuchungeu  Uber  Schimmelpilze.  Part  IIL 
Sasidiomyeetes ;  by  Dr.  Oscar  Hrefbld.  Leipsic,  1877.  4to. 
— In  this  volume  of  over  two  hundred  pages  Brefeld  gives  a  de- 
tailed account  of  his  cultures  of  different  Basidiomyceles.  The 
work  is  full  of  interesting  facts  and  observations  and  is  excel- 
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leDtly  illustrated.  Had  it  been  shortened  by  one-half,  it  would 
have  been  easier  reading,  certainly  for  foreigners.  As  it  is,  it  if 
too  detailed  to  commend  itself  to  the  general  reader.  The  greater 
part  of  the  book  is  devoted  to  species  of  Coprinus^  especially  C 
stereorarius.  The  spores  of  this  species  which  were  sown  in  de- 
coctions of  horse  dnng  germinated  readily  and  produced  iBrst  a 
mycelium  and  then  a  piieus  and  spores.  In  many  cases  a  sclero- 
tium  was  first  produced  from  which  grew  later  the  pileos.  In 
some  species  of  Coprinus^  but  not  in  all,  conidia  (st&bchen)  were 
produced.  The  object  of  Brefeld's  cultures  was  to  ascertain  the 
existence  of  male  and  female  organs  in  the  Basidiomyoetes.  It 
had  been  stated  by  Rees  and  Van  Tieghem  that  the  ^^  st&bchen" 
were  male  organs.  Van  Tieghem  afterwards,  however,  changed 
his  mind  and  concluded  that  they  were  conidia.  Brefeld  denies 
entirely  that  they  are  male  organs  and  maintains  that  the  pileos 
and  spores  of  Goprinus  are  produced  directly  from  the  mycelium 
by  a  vegetative  process  without  the  intervention  of  any  sexual 
organs.  He  arrives  at  this  conclusion  by  the  following  process. 
He  has  examined  the  mycelium,  the  sclerotium,  and  all  parts  ci 
the  fruit-bearing  body  and  finds  no  trace  of  sexual  organs.  But 
as  the  plants  examined  were  complex,  and  it  was  possible  that  he 
had  overlooked  somethinsr,  he  goes  farther  and  makes  slices  of  the 
sclerotium,  the  stipe,  and  the  pileus  and  places  them  in  conditions 
favorable  to  farther  growth.  Now,  if  the  fruitrbearing  body  is 
produced  by  a  sexual  action  which  takes  place  in  the  sclerotium, 
when  the  sclerotium  is  cut  into  several  pieces  only  those  pieces 
which  contain  the  sexual  organs  can  produce  fruit-bearing  bodies. 
The  same  is  true  of  cutting  the  stipe  and  pileus.  Brefeld  found 
that,  however  he  sectioned  the  organs  mentioned,  the  hyphs 
of  the  cut  surface  grew  up  and  formed  one  or  more  new  fruit- 
bodies.  Hence  there  can  be  no  sexual  organs  either  in  the  sclero- 
tium, stipe  or  pileus.  The  mycelium  and  the  hymenium  in 
Coprinus  are  comparatively  simple  and  it  is  impossible  to  recog- 
nize in  them  any  sexual  organs  according  to  Brefeld.  The  latter 
part  of  the  book  is  devoted  to  a  consideration  of  some  other 
BasidiomyceteB^  especially  Amanita  and  AgaricuB  melleua.  The 
last  named  species  which  is  several  inches  high  was  raised  by 
Brefeld  from  the  spore  in  his  cultures  and  he  confirms  the  view  of 
Hartig  that  the  so-called  EhizomorpKa  tubeortiealis  is  only  the 
sclerotioid  state  of  this  fungus.  Brefield  considers  that  Hhizo" 
tnorpha  subterranea  is  only  an  underground  form  of  JR,  subeorti* 
calis.  In  concluding,  he  gives  some  general  views  with  regard  to 
the  Basidiomyoetes  and  a  table  showing  the  relationship  and 
descent  of  the  different  groups.  Some  of  his  views  are  novel,  as, 
for  instance,  that  the  teleutospore  of  the  Uredinei  is  of  the  nature 
of  a  resting-spore  and  that  the  promycelium  and  sporidia  repre- 
sent the  basidium  and  spores  of  the  Hymenomycef^  as  shown 
in  the  simplest  form  in  some  of  the  TremeUini,  in  this  work  we 
see  about  the  first  attempt  to  refer  different  species  of  fungi  to  a 
hypothetical  type  which  was  the  common  ancestor.  This  method 
which  has  been  used  with  such  advantage  by  zoologists  is  not 
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likely  to  aDBwer  as  well  in  fungi  of  which  almost  no  definite  fossil 
remains  exist  w.  g.  f. 

5.  Beitrdge  zur  Entwiekdungsguchichte  der  Flechten.  Part  IL 
Ueber  die  JBedeutung  der  Mymenialgouidien  ;  by  Dr.  £.  Stahl. 
Leipflie,  1877.  8^ — An  admirable  essay,  excellently  planned, 
and  beautifally  written.  In  the  first  part  of  this  work  wnich  has 
already  been  noticed  in  the  Journal,  Stahl  gave  an  account  of  the 
sexual  organs  of  lichens.  In  the  present,  he  considers  the  signifi- 
cation of  the  hymenial  ^onidia  of  course  in  its  bearings  on  the 
Sch wendener  theory  that  lichens  are  Ascomycetes  parasitic  on  algae. 
The  species  studied  were  JEndocarpon  puaiUum^  Thelidium  minu' 
tvhtfn^  and  PolyUcutia  rugtdosa.  Stahl  considers  that  the  hy- 
menial gonidia  are  derived  from  the  thalline  gonidia  and  present 
a  different  aspect  simply  from  their  difierent  surroundings.  When 
the  spores  are  discharged  some  of  the  hymenial  eonidia  are 
always  discharged  with  them.  As  the  spores  germinate,  their 
hyphsB  fasten  themselves  upon  the  gonidia  which  then  increase 
more  rapidly  than  before.  In  from  rour  to  five  months  Stahl  suc- 
ceeded m  raising  new  perithecia  and  spores  hj  his  culture  of  the 
spores  of  Andoearpofi  with  the  hymenial  gonidia.  In  like  man- 
ner,  he  raised  perithecia  and  spores  of  Inelidiufn  from  culture 
of  the  spores  with  the  hymenial  gonidia.  He  went  still  farther. 
Some  of  the  spores  of  JEndocarpon  together  with  the  hymenial 
gonidia  which  had  been  discharged  with  them  were  pUu!ied 
m  water  in  which  the  gonidia  became  difiused.  Then  spores 
of  Ihdidiwn  were  placed  in  the  water  and  on  germinating 
they  attached  themselves  to  the  gonidia  of  Endocarpon.  By 
such  a  proceeding  Stahl  was  able  to  produce  a  thallus  of  nyim- 
niditnn  with  gonidia  of  Endocarpon.  It  will  be  seen  that  Stahl^s 
experiments  have  a  most  important  bearing  in  favor  of  the 
Scnwendener  theory.  To  Schwendener  and  Bornet  we  are  in- 
debted for  the  most  accurate  account  of  the  anatomy  of  the  thal- 
lus of  lichens,  but  hitherto  no  one  has  been  able  to  reproduce  the 
fruit  of  a  lichen  by  cultivating  the  spores  with  the  gonidia. 
Bornet  and  Rees  succeeded  in  making  the  hyphsB  of  certain  CoU 
lemaceoR  grow  in  Nostocs,  but  it  was  maintained  by  the  opponents 
of  the  algo-fungal  theory  that  the  union  of  hyphse  with  a  Nostoc 
did  not  constitute  a  true  CoUema  thallus  because,  as  there  was 
no  fruit  formed,  it  showed  that  the  combination  was  not  normal. 
By  producing  the  lichen-fruit  in  his  cultures,  Stahl  removes  this 
objection.  In  constructing  a  thallus  of  one  species  by  letting  its 
8pore««  germinate  with  the  gonidia  of  another,  he  proves  that  the 
gonidia  are  neither  produced  by  the  hyphte  nor  is  there  any  essen- 
tial connection  between  them  except  that  of  a  parasitism.  We 
notice  the  statement  in  the  number  of  Just's  Jahresbericht  that 
has  just  appeared  that  the  lichens  will  not  be  hereafter  kept  as  a 
dtatmct  group  apart  from  alga)  and  fungi,  but  will  appear  as  a 
subdivision  of  Ascomycetes.  w.  o.  f. 

7.  Aeetahularia  Mediterranea  ;  by  A.  de  Bary  and  E.  Stras- 
BUROKR.  Ext.  Bot  Zeit.,  Nov.  1877. — In  this  paper  the  develop- 
ment of  Aeetahularia  is  given  partly  by  De  Bary  who  cultivated 
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spores  received  from  Antibes  in  his  laboratory  at  Halle  and  partly 
by  Strasbnrger  who  had  studied  the  species  m  the  Mediterranean. 
The  anatomy  and  formation  of  the  spores  had  been  previously 
published  by  Woronin  in  the  Annales  des  Sciences.  To  this  D^ 
Bary  adds  an  account  of  a  peculiar  proci^ss  connected  with  the 
base  of  the  plant.  The  spores  produce  a  number  of  zoospores 
which  conjugate  by  twos  or  by  larger  numbers.  Zoospores  from 
the  same  sporangium  do  not  conjugate  with  one  another  but  only 
with  those  coming  from  another  sporangium.  w.  g.  f. 

8.  Enttoickdungageechichte  des  ProthaUiumB  von  Oymno- 
gramme  leptophylla  ;  by  Dr.  Karl  Goebel.  Inaugural  Disserta- 
tion.    Strasbourg,  1877. — A  detailed  account  of  the  growth  of  the 

I>rothallus  of  Oymnogramm/e  leptophyUa,  The  antheridia  are 
ike  those  of  Aneimia  hirta.  The  archegonia  originate  in  a  pecu- 
liar process,  which  projects  from  the  under  side  of  the  prothallns. 
If  the  archegonia  are  not  fertilized,  the  process  grows  into  a  new 
prothallus.  The  prothallus  is  also  propagated  by  means  of  a 
Kind  of  adventitious  buds  so  that  a  single  prothallns  may  live  for 
seyeral  months  and  attain  a  considerable  size.  w.  6.  f. 

9.  On  a  new  Species  of  Parasitic  Oreen  Alga  belonging  to  the 
genus  Chlorochytrium  of  (John  /  and  On  a  species  of  Rhtzophy- 
dium  parasitic  on  Species  of  Ectocarpus^  with  notes  on  the 
Fruct^atitm  of  the  Ectocarpi ;  by  Pro£  Edwabd  Pbbckyal 
Wright.  Dublin  Trans.  R.  t.  Acad.,  yol.  xxvi. — ^The  species  of 
Chlorochytrium  was  found  by  Prof.  Wright  on  seyeral  plants, 
among  others  on  Cahthrix  confervicola,  where  it  was  probably 
seen  by  Harvey  and  mistaken  by  him  for  the  spores  of  that  plant 
The  Rhizophydium  as  shown  by  Prof.  Wright's  plate  seems  to  be 
the  parasite  which  is  yery  common  on  Sctocarpi  of  our  own 
coast.  At  the  end  of  the  second  article  is  a  consideration  of  the 
different  forms  of  sporangia  found  in  British  species  of  JSctocarpus, 

W.  G.  F. 

1 0.  TVanspircUion  in  Plants, — In  the  last  number  of  this  Journal, 
attention  was  called  to  a  recent  paper  by  Wiesner,  showing  that 
the  rays  of  light  which  correspond  to  the  absorption  bands  of  the 
chlorophyll  spectrum,  are  the  most  efficient  in  transpiration. 
Deherain  (in  Ann.  des  Scl  Nat  for  Sept,  1877)  reyiews  Wiesnert 
communication  and  states  that  in  1869  he  arriyed,  by  a  different 
method  of  experimenting,  at  an  opposite  result,  namely,  that  yel- 
low light  is  more  active  than  blue  m  transpiration.  Still  claiming 
that  his  method  is  free  from  errors,  he  submits  the  following  ex- 
planation of  the  contradiction:  the  rays  which  determine  tran- 
spiration are  the  ones  absorbed  by  chlorophyll,  but  they  effect 
transpiration  proportionately  to  their  own  conyertible  energy ;  it 
may  therefore  be  supposed  that  a  yellow  ray,  richer  in  cfdorific 
radiation,  can  act  with  greater  energy,  although  only  partly  ab- 
sorbed by  chlorophyll,  than  can  a  blue  ray,  poor  in  calorific  radia- 
tions, which  is  more  completely  absorbed.  g.  l.  g. 

11.  On  Japanese  Lingula  and  Shell  Mounds. — At  a  meeting  of 
the  Boston  Society  of  Natural  History,  December  19,  Professor 
Edwabd  S.  Mobsb  communicated  some  of  the  results  of  his  work 
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in  Japan.  His  main  object  in  yifliting  Japan  was  to  study  more 
luUy  a  group  of  animals  upon  which  he  has  been  at  work  for  a 
long  time — toe  Brachiopoda. 

Accepting  an  appointment  as  professor  of  Zoology  in  the  Impe- 
rial Umversity  of  Toldo  he  established  a  Zoological' station  on  the 
coast  for  the  purpose  of  collecting  material  tor  the  University 
Museum  and  for  tne  training  of  Japanese  assistants  in  the  work. 

II is  studies  of  Lingula  have  brought  out  many  points  new  to 
scienoe.  The  discovery  of  auditory  capsules  m  the  class  of 
Brachiopods  is  one  of  the  most  important.  These  organs  he  de- 
termined in  a  species  of  Lingula  and  their  position  and  general 
appearance  recall  the  auditory  capsules  as  ngured  by  ClaparMe 
in  certain  tubicolous  Annelids.  He  has  also  cleared  up  many  of 
the  obscure  points  in  regard  to  the  circulation,  and  is  prepared  to 
maintain  the  absence  of  anything  like  a  pulsatory  organ,  the  cir- 
culation being  entirely  due  to  ciliary  action.  Mr.  Morse  also 
described  some  of  the  habits  of  Lingula.  While  partially  buried 
in  the  sand  the  anterior  border  of  the  pallial  membranes  contract 
in  such  a  way  as  to  leave  three  lar^e  oval  openings,  one  in  the 
center  and  one  on  each  side.  The  bristles  which  are  quite  long  in 
this  region  of  the  animal  arrange  themselves  in  such  a  way  as  to 
continue  these  openings  into  hmnels  and  entangle  the  mucous 
which  escapes  from  the  animal ;  these  funnels  have  firm  walls.  A 
continual  current  is  seen  passing  down  the  side  funnels  and  escap- 
inffby  the  central  one. 

The^  bury  themselves  very  quickly  in  the  sand,  and  the  peduncle 
affglutmates  a  sand  tube.  They  attach  themselves  by  means  of 
this  tube  to  the  bottom  of  dishes  in  which  they  are  confined. 

Mr.  Morse  exhibited  living  specimens  of  Lingula  which  he  had 
brought  from  Japan  in  a  small  glass  jar.  The  water  had  only 
been  changed  twice  since  August  20th,  and  yet  no  specimen  had 
died.  This  illustrated  more  fully  the  vitality  of  Lingula  than  the 
experiments  he  had  made  on  the  North  Carolina  Lingula  several 
years  since. 

A  description  was  also  giyen  of  an  ancient  shell-mound  discov- 
ered by  Professor  Morse  at  Omori  near  Tokio,  and  photographs  of 
many  of  the  yessels  exhumed  were  exhibited.  The  general  aspects 
of  the  deposit  were  like  those  described  by  Steenstrup  in  Denmark, 
and  by  Wyman,  Putnam  and  others  on  the  United  States  coast. 
The  implements  were  mostly  horn.  Only  three  rude  stone  imple- 
ments were  discovered.  The  pottery  was  remarkable  in  showing 
a  great  variety  of  ornamentation,  though  it  was  very  rude  in 
character  and  did  not  exhibit  that  finish  seen  in  ancient  Corean 
pottery  which  is  found  in  the  Empire.  In  the  incised  character 
of  the  markings  it  recalls  the  pottery  of  the  east  coast  of  the 
United  States. 

In  the  character  of  the  raised  knobs  for  handles  on  the  edge  of 
the  yessels  it  shows  the  closest  resemblance  to  pottery  discovered 
by  Professor  Hartt  in  Brazil.  Mr.  Morse  was  not  prepared  to  say 
whether  it  was  early  Aino  or  a  race  which  preceded  the  Ainos 
and  which  the  Ainos  displaced  in  their  occupation  of  the  island 
from  the  north. 
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12.  T%e  American  Naturalist — The  Janaary  number  of  this  8ci- 
entific  monthly  comes  to  us  from  Philadelphia,  where  this  Jounial 
is  to  be  piiblished  hereafter  by  Messrs.  McOalla  &  Stavely. 
Professor  E.  D.  Cope  is  now  associated  with  Professor  Packard 
in  the  editorial  management  of  the  journal.  It  has  always  been 
successful  in  combining  the  scientific  and  popular  in  its  articles, 
and  has  contributed  greatly  to  science-education  in  the  country  as 
well  as  to  the  progress  of  science ;  and  the  Prospectus  states  that 
this  will  be  still  its  aim.  It  is  also  announced  that  the  depart- 
ment of  birds  will  be  edited  by  Dr.  Coues,  and  that  of  micros- 
copy by  Dr.  R.  H.  Ward ;  and  that  Professor  O.  T.  Mason  wiD 
continue  his  monthly  summaries  of  anthropological  news. 

1 8.  Bulletin  of  the  NuUaU  Ornithological  Club.  48  pp.  8yo. 
Cambridge,  Mass. — ^The  third  yolume  of  this  Quarterly  Journal  of 
Ornithology  commenced  with  this  year.  The  January  number 
contains  several  valuable  papers  on  birds  and  a  very  fan  oeleotioD 
of  notes,  besides  extracts  rrom  the  recent  literature  of  the  science. 
While  thoroughly  scientific,  most  of  its  articles  have  a  popular 
interest,  making  it  an  attractive  journal  for  the  amateur  as  well 
as  the  man  of  science.  It  has  for  its  frontispiece  a  beautiM  col- 
ored plate  of  Baird's  Bunting, — Paseerculua  Bairdi  of  Coues,— 
illustrating  a  paper  by  Dr.  Elliot  Coues,  IT.  S.  A.  ProfbBsor  J. 
A.  Allen  has  a  paper  on  An  inadequate  ^'  Theory  of  birM  neeU^ 
in  which,  after  stating  various  facts,  he  expresses  the  following 
conclusion:  ''The  most  surprising  thing  about  Mr.  Wallace's 
^  theory  of  birds'  nests'  is  its  madequacy  and  its  irreleyancy  to  the 
facts  It  was  proposed  to  explain;  and  in.  this  respect  it  was 
scarcely  excelled  by  any  of  the  crude  inventions  into  which  the 
more  ardent  supporters  of  the  theory  of  eyolution  by  means  of 
what  has  been  termed  '  natural  selection'  have  been  betrayed." 
The  charge  for  the  Bulletin  is  only  two  dollars  per  year. 

1 5.  Nests  of  "  the  Qardener^ — In  the  Annali  di  8toria  naturale 
del  Museo  Civico  di  Geneva,  the  illustrious  traveller  and  botanist, 
Prof.  O.  Beccari,  describes  the  wonderful  gallery  or  bower<son- 
structions  of  the  Amblyomis  inomata,  observed  by  himself  in 
the  Arfak  Mountains.  The  huts  and  gardens,  as  built  and  laid 
out  by  this  bird,  which  is  called  ''  the  gardener,"  seem  to  surpass 
any  production  of  intelligence  and  taste  for  the  beautiful  hitherto 
described  and  observed  in  birds  of  the  Paradise  family. — Natur^j 
Dec.  6,  p.  110. 

IV.  Astronomy. 

1.  Meteors  observed  in  Cambridge^  Mass,j  November  3,  1877. 
— Meteors  were  seen  on  this  night  at  the  following  Cambridge 
times:  6**  63";  9*^  47"';  lO*'  47";  11*»  7".  They  proceeded  fh)m 
the  same  radiant,  which  was  near  to  Mars^  and  their  directions 
were  towards  the  S.W.,  all  conformable  to  the  above  radiant. 

C.  H.  a  AKD  L.  H. 

2.  Prize  for  the  discovery  of  Comets. — The  Imperial  Academy 
of  Sciences  at  Vienna  has  resolved  to  continue,  until  further  notice, 
the  prizes,  awarded  since  1872,  for  the  discovery  of  telesoopk 
comets.  The  awarding  of  such  a  prize,  consisting,  according  to 
the  wish  of  the  receiver,  either  in  a  gold  medal  or  in  its  money 
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value  of  twenty  Austrian  ducats,  is  connected  with  the  following 
conditions : 

(1.)  Prizes  are  awarded  only  for  the  first  eight  successful  dis- 
ooyeries  of  each  calendar  year;  for  comets  that,  at  the  time  of 
their  discovery,  were  telescopic,  i.  e.,  invisible  to  the  naked  eye, 
that  had  not  been  seen  before  by  any  other  observer,  and  the 
appearance  of  which  could  not  have  been  predicted.  The  priority 
18  to  be  decided  by  the  epoch  of  the  first  position.  (2.)  The  dis- 
covery is  to  be  made  known  to  the  Imperial  Academy  of  Sciences, 
immediately,  and  without  waiting  for  further  observations,  by 
telegraph  where  practicable,  otherwise  by  the  earliest  mail  The 
Academy  will  communicate  the  news  without  delay  to  several 
observatories.  (3.)  The  first  notice  must  contain  as  accurately  as 
it  is  possible  totne  observer  the  position  and  motion  of  the  comet, 
besides  place  and  time  of  the  discovery.  This  first  notice  is  to 
be  supplemented  at  the  next  occasion  by  later  observations.  (4.) 
If  the  comet  should  not  have  been  verified  by  other  observers, 
the  prize  will  be  awarded  only  when  •  the  observations  of  the  dis- 
coverer are  sufficient  for  determining  the  orbit.  (5.)  The  prizes 
will  be  awarded  in  the  general  session  held  at  the  end  of  May  of 
each  year.  If  the  first  notice  of  the  discovery  arrives  between 
the  first  March  and  the  last  May,  the  prize  will  be  decided  in  the 
general  May  session  of  the  Academy  in  the  next  year.  (6.) 
Application  for  the  prize  is  to  be  made  within  three  months  after 
the  first  news  of  the  disdbvery  has  arrived  at  the  Imperial  Acad- 
emy. Later  applications  will  not  be  considered.  (7.)  The 
astronomers  of  the  observatory  of  the  University  at  Vienna  will 
be  judges,  whether  the  conditions  contained  in  arts.  1,  3  and  4 
have  been  fulfilled. 

3.  Index  Catalogue  of  Books  and  Memoirs  relating  to  JVehulcB 
and  Cltisters^  ike. ;  by  Edward  S.  Holdbn.  Smithsonian  Institu- 
tion, Washington,  1877.  8°,  pp.  ix  and  111. — About  half  of  this 
valuable  work  of  Professor  Holden  is  devoted  to  the  catalogue 
named  in  the  title.  The  rest  consists  of:  a  list  of  books  and 
memoirs  relating  to  the  nebula  in  Orion ;  a  similar  list  of  those 
relating  to  variable  nebulae ;  a  list  of  drawing  of  nebulss ;  and 
two  indices  to  Sir  Wm.  HerschePs  and  Messier's  Catalogues  of 
NebolflB  and  Clusters. 

V.  Miscellaneous  Scientific  Intelligence. 

1 .  Telephone  in  England, — Col.  W.  H.  Reynolds  has  concluded 
a  contract  with  the  English  Government  by  which  the  Post  Office 
Department  has  adopted  the  Bell  telephone  as  a  part  of  its  tele- 
graphic system.  In  a  recent  telephonic  experiment  in  connection 
with  the  cable  2  If  miles  long,  between  Dover  and  Calais,  there 
was  not  the  slightest  failure  during  a  period  of  two  hours. 
Though  three  other  wires  were  busy  at  the  same  time,  every  word 
was  heard  through  the  telephone,  and  individual  voices  were  dis- 
tinguished. This  important  experiment  was  conducted  by  Mr.  J. 
Bourdeaux,  of  the  Submarine  Telegraph  Company.  Some  very 
saccessful  experiments  were  made  with  the  telephone  on  Saturday 
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night  between  Aberdeen  and  Inverness,  a  distance  of  108  miles. 
Songs  and  choruses  were  distinctly  transmitted,  and  conversation 
was  carried  on  at  times  with  marvelloas  distinctness,  notwith- 
standing the  weather  was  unfavorable.  The  experiments  were 
made  with  Professor  Bell's  instruments.  The  Berlin  correspondent 
of  the  Daily  News  states  that  a  Berlin  house  is  making  a  number 
of  telephones  for  experimental  use  in  the  Russian  army.  The  re- 
sult is  awaited  with  great  curiosity  in  military  circles.  The 
Cologne  Gazette  denies  that  any  telephone  is  in  existence  between 
Varzm  and  Bismarck's  office  at  Berlin.  Our  contemporary  says 
that  the  distance,  363  kilometers,  is  too  large  for  using  a  telephone 
with  any  advantage.— i^Ta^r^,  Dec.  6,  p.  100. 

2.  A  Manual  of  Heading  and  VerUUcUion  in  their  praeiical 
application  for  the  fjtse  of  Engineere  and  Architects^  etc.;  by  F. 
Schumann,  C.E.,  IT.  S.  Treasury  Department.  80  pp.  8vo.  New 
York,  1877.  (D.  Van  Nostrand.) — This  little  book  contains  the 
formulas  and  data  required  by  architects  and  engineers  in  puttinff 
to  practice  in  the  construction  of  buildings,  the  theoretical  princi- 
ples of  heating  and  ventilation.  The  subject  is  systematically 
treated,  and  all  the  explanations  are  given  that  are  required  for 
an  intelligent  use  of  the  formulas. 

3.  Mesmerism^  Spiritualisni^  etc,^  historically  and  sdent^caUy 
considered  ;  being  two  Lectures  delivered  at  the  London  Institu- 
tion, with  Preface  and  Appendix;  by  Wm.  B.  Carpenter,  C.B,, 
F.R.S.  158  pp.  12mo.  New  York,  1877.  (D.  Appleton  &  Ca) 
— ^The  learned  physiologist  of  London,  Dr.  Carpenter,  has  shown 
good  sense,  thorough  knowledge  and  excellent  judgment  in  these 
lectures. 

4.  The  Telephone  ;  an  account  of  the  phenomena  of  Electricity, 
Magnetism,  and  Sound,  as  involved  in  its  action,  with  directions 
for  making  a  speaking  Telephone  by  Prof  A.  E.  Dolbear.  128 
pp.  12mo.  Boston,  1877  (Lee  <fe  Shepard). — ^This  is  a  clear  and 
interesting  account  of  a  subject  which  b  exciting  much  interest 
at  the  present  time. 

5.  Augusts  de  la  Rive. — The  number  of  the  Biblioth^ue 
Universelle  (Archives  des  ScL  Phys.  et  Nat.)  for  September,  1877, 
has  its  254  pages  occupied  with  a  bio|praphical  notice  of  the  emi- 
nent Swiss  Jrhysicist,  Auguste  de  la  Rive,  who  died,  at  the  age  of 
seventy-two,  on  the  27th  of  November,  1873. 

Proteus,  or  Unity  in  Nature,  bj  Charles  Bland  RadcUlIe,  IC.D.  214  pp.  Svo. 
London.     (MacMillan  ft  Co.) 

The  Physiology  of  Mind.  By  Henry  Maudsley,  M.D.  644  pp.  Svo.  New 
York-    (D.  Appleton  A  Co.) 

Meteorological  Researches.  By  William  FerreL  Part  L  On  the  ICechaniot 
and  the  General  Motions  of  the  Atmosphere.  50  pp.  4to.  With  6  cfaarts.  U.  & 
Coast  Survey,  C.  P.  Patterson,  Superintendent  Washington.  1S77.  An  impor- 
tant memoir  discussing  mathematically,  from  meteorological  data  with  refeienos 
to  the  whole  earth's  surface. 

OBITUARY. 

RuHMKORFF  died  in  Paris  on  the  20th  of  December  at  the  age 
of  seventy-four.  He  gave  his  first  "  Ruhmkorff  Coil  **  to  the^wond 
in  1851,  and  received  for  it  from  the  French  Exhibition  in  1856 
the  first  prize  of  50,000  francs. 
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XXI. — CoggioHs  Comet — ife  Physical  Condition  and  Struc- 
5.     Physical  Theory  of  Comets ;  by  Prol  W.  A.  NoBTON. 

(GIa's  Comet  (Comet  III,  1874),  the  last  that  was  con- 
insly  visible  to  the  naked  eje.  was  attentively  observed  at 
ratories  in  both  hemispheres.  The  reported  results  of  the 
e  series  of  observations  and  determinations  made  with 
escope,  spectroscope,  and  polari  scope,  appear  to  reveal  the 
ial  features  of  its  physical  condition  ana  structure,  and  to 
important  indications  with  regard  to  the  probable  phys- 
leoiy  of  comets  in  general.     The  following  are  the  ele- 

of  the  parabolic  orbit  of  the  comet,  computed  by  M. 
hof  (Astr.  Nachr.,  No.  2008).      T=1874,  July  8-85664, 

T.,  71=271°  V  19"-5,  12=118**  44'  26''-8,  t=66°  20' 
log.    y=9-829826,  which  gives,  per.  dist  5=0-67581. 
n  direct 

wre  and  Condition  of  the  Cometic  Matter. — The  following 
e  general  results  of  the  observations  made  with  the  spec- 
pe  and  polariscope*  with  the  view  of  ascertaining  the 
3  and  condition  of  the  matter  of  thecomet ;  in  the  nucleus 
>ma  or  envelopes,  and  as  more  widely  diffused  in  the  tail. 

The  light  of  the  tail  and  coma  was  partially  polarized  in 
e  through  the  axis  of  the  tail. 

The  spectrum  of  the  comet  consisted  of  three  or  more 

bands  on  a  continuous  spectrum.  This  continuous  spec- 
WBS  faint  on  July  7,  but  became  much  brighter  by  July 
The  three  bright  bands  were  identical  with  those  obtained 
ssing  a  spark  from  an  induction  coil  through  gaseous- 

ntfa.  Not  of  Rojal  Astr.  Soc.,  1873-4,  pp.  489  to  491;  1874-6,  p.  83. 
achr.,  No.  2018,  pp.  18  to  32. 

OOR.  Soi.— Thtbd  Sbbtss,  Vol.  XV,  No.  87.— liABOH,  1878, 
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dioxide  of  carbon  (carbonic  acid  gas).  Other-  experiments 
have  shown  that  the  volatile  hydro-carbons  give,  with  the 
electric  spark,  the  same  spectroscopic  bands;  and  that  these 
are  wholly  due  to  the  momentary  incandescence  of  the  carbon 
molecules  of  the  compound.  Several  other  comets  have  given 
the  same  '*  carbon  bands."  Brorsen's  comet,  a  faint  circular 
nebula,  invisible  to  the  naked  eye,  proved  to  be  an  exception. 
Three  bright  bands  were  observed  in  its  spectrum,  but  they 
differed  in  position  and  other  features  from  the  carbon  banda 
(8.)  "  The  spectrum  of  the  nucleus  was  continuous,  but  it 
appeared  to  have  traces  of  numerous  bright  bands,  and  three 
or  four  dark  lines  also  were  seen." 

(4.)  The  light  from  the  tail  gave  a  continuous  spectrum, 
without  superimposed  bright  bands. 

From  these  results  we  uaay  draw  the  following  conclusions: 
(1.)  From  the  bright  bands  observed  we  may  infer  that  the 
coma  consisted  in  a  large  measure  of  matter  in  the  ffaseoos 
state ;  and  that  the  actual  gaseous  substance  was  either  dioxide 
of  carbon  (I  e.  carbonic  acid  gas),  or  oxide  of  carbon,  or  the 
vapor  of  some  hydro-carbon. 

(2.)  The  light  of  incandescence  of  the  gaseous  particles, 
whicn  furnish^  the  bands,  must  have  been  of  electric  origin  ; 
since  the  heat  of  the  sun  could  not  have  been  sufficient  to 
ignite  the  most  inflammable  vapor. 

(8.)  The  continuous  spectrum  on  which  the  three  carbon 
bands  were  seen,  affords  no  decisive  evidence  of  the  presence  in 
the  coma  of  discrete  solid  particles,  since  it  may  have  resulted 
from  the  solar  light  reflected  from  the  ^eous  particles.  Such 
light  would  not  have  been  sufficiently  intense  to  give  the  dark 
solar  lines. 

(4.)  The  "  traces  of  bright  bands  "  seen  in  the  spectrum  of 
the  nucleus  reveal  the  presence  of  vapors  at  its  surface  shining 
by  electric  light.  The  bright  continuous  spectrum  may  have 
been  wholly  due  to  reflected  solar  light  (since  dark  solar  lines 
were  not  wanting),  or  partly  to  discrete  solid  particles  rendered 
luminous  by  electric  discharges.  The  light  reflected  from  the 
solid  nucleus,  or  from  dense  vapors  or  clouds  near  its  surftu^ 
mav  well  have  been  of  sufficient  intensity  to  make  the  gaseous 
cart>on  bands  resulting  from  electric  discnarges  inconspicuous. 
(5.)  The  spectroscope  did  not  give  any  decisive  evidence 
with  regard  to  the  state  of  the  matter  in  the  tail — whether 
gaseous  or  composed  more  or  less  of  discrete  solid  particles ; 
but  since  the  tail  was  formed  of  matter  flowing  in  continuous 
streams  from  the  head,  we  must  suppose  that  it  was  made  up 
chiefly  of  gaseous  particles,  like  the  head. 

(6.)  The  light  of  the  tail  was  exclusively  reflected  solar 
light 
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• 

The  experiments  of  Professor  Arthur  W.  Wright,  of  Yale 
College,  on  the  gases  from  stony  meteorites,*  have  furnished 
strong  evidence  in  support  of  the  hypothesis  first  propounded 
bv  him,  that  the  cometic  substance  is  gaseous  carbon  dioxide. 
He  found  that  ^^  in  meteorites  of  the  stony  kind,  the  character- 
istic gas  is  carbon  dioxide,  and  this,  with  a  small  proportion  of 
carbonic  oxide  (oxide  of  carbon),  makes  up  more  than  nine- 
tenths  of  the  gas  given  off  at  the  temperature  of  boiling  water, 
and  about  half  that  evolved  at  a  low  red  heat''  The  spectrum  ' 
of  the  gases,  obtained  by  passing  an  electric  spark  through  a 
small  tube  containing  the  gases  at  a  low  tension,  consisted  of 
the  hydrogen  and  carbon  spectra  together.  The  three  bright 
bands  of  the  carbon  spectrum  were  coincident  in  position  with 
those  in  the  spectra  oi  comets,  and  had  the  same  relative  order 
of  intensity.  The  close  relationship  now  known  to  subsist 
between  c<)mets  and  meteors  renders  it  highly  probable,  as  sug- 
gested by  Professor  Wright,  that  the  cometic  matter  is  iden- 
tical with  the  gaseous  matter  found  associated  with  stony  mete- 
orites, and  consists  chiefly  of  carbon  dioxide  disengaged  from 
the  nucleus  of  the  comet  by  the  heat  of  the  sun. 

If  we  adopt  this  hypothesis  with  regard  to  the  nature  and 
origin  of  the  cometic  substance,  the  question  arises  in  what 
condition  does  the  carbon  dioxide  exist,  in  its  association  with 
the  matter  of  the  nucleus  ?  We  may  at  once  admit,  with  Pro- 
fessor Wright,  the  high  probability  that  it  has  become  inti- 
mately associated  with  it  by  interpenetration,  or  by  surface 
concentration  upon  small  metallic  grains,  as  it  is  found  in 
meteoric  stones.  But  it  is  also  to  be  observed,  that  at  the  tem- 
perature of  free  space,  which  must  prevail  on  most  comets 
throughout  the  greater  part  of  their  periods  of  revolution,  a 
large  accumulation  of  carbon-dioxide  might  exist  on  their 
surface  in  the  solid  condition,  or  as  a  layer  of  detached  solid 
particles.  This  may  be  inferred  from  the  results  of  Faraday's 
experiments  on  the  condensation  of  this  gas  into  a  liquid  at 
extremely  low  temperatures.  He  found  at  the  temperature  of 
80®  C,  below  the  freezing  point,  a  pressure  of  one  atmosphere 
sufficed  to  condense  it  into  a  liquid.  80**  C.  is,  according  to 
Fourier,  20*^  C.  below  the  temperature  of  free  space,  but,  accord- 
ing to  the  more  reliable  determination  of  Pouillett60°  C.  above 
it.  At  this  temperature,  — 140**  C,  a  small  fraction  of  one  atmos- 
phere of  gaseous  pressure  should  suffice  to  condense  the  gas 
into  a  liquid. 

Now,  when  a  comet,  supposed  to  have  an  accumulation  of 
solid  carbonic  acid  at  the  surface  of  the  nucleus,  is  in  the  act 
of  approaching  the  sun,  the  increasing  amount  of  heat  received 
from  the  sun  should  give   rise  to  copious   evolutions  of    the 

•  This  Journal,  Til,  vol.  ix,  July,  1876,  p.  44. 
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carboD-dioxide  in  the  gaseoas  form — either  contiDnonsly  orin- 
termitteotly — and  these  may  occur  either  simultaneously  over 
lai^  areas,  or  in  limited  streams  or  Jets.  A  portion  of  the 
vapor  evolved  may  be  condensed  into  solid  particles  by  the  cold 
resulting  from'the  rapid  evaporation.  In  so  far  as  the  gas  is  in 
intimate  physical  association  with  the  solid  matter  of  the  nu- 
cleus, it  would  seem  that  the  heat  of  the  sun  would  not  at  the 
Kribelion  distance  of  either  Coggia's  Comet,  the  great  comet  of 
Rl,  Donati'a  Comet,  or,  indeed,  of  any  of  the  conspicuoos 
comets  with  a  few  exceptions,  be  intense  enough  to  occasion 
such  copious  evolutions  of  gaseous  matter  as  have  been  actually 
obeerved.  Evolutions  of  occluded  gas  may,  however,  consti- 
tute the  chief  phenomena,  produced  by  the  solar  heat,  in  the 
oases  of  the  inconepicnous  comets  of  short  period,  which,  in  re- 
treating from  the  sun  dcAnot  pass  beyond  the  limits  of  the 
planetary  system.  ' 

The  conclusions  that  have  now  been  reached  apply  atrictlv 
only  to  the  comets  that  have  been  spectroscopicallv  observeo, 
but  they  mav  be  regarded  as  probably  applicable  also  to  other 
comets  that  do  not  differ  greatly  from  these  in  the  circumstan 
ces  of  their  approach  to  the  sun  and  recess  from  him,  and  in 
the  physical  phenomena  they  have  presented.  The  gre&t 
comets  of  184S  and  1860,  that  approached  very  near  the  son, 
may  have  given  off,  in  great  abundance,  aqueous  or  other 
forms  of  vaporous  matter,  derived  from  the  liquefactioD  and 
subsequent  vaporization  of  frozen  liquids. 

The  important  question  here  presents  itself,  what  is  the  prob 
able  origin  of  the  free  electricity  that  plays  so  important  a  part 
in  the  luminous  phenomena  which  conspicuous  comets  have 
presented?  We  might  rest  on  the  assumption  that  the  solid 
nucleus  of  a  comet  is  surrounded  by  a  gaseou.s  atmosphere  tike 
the  earth,  permeated  by  free  electricity  increasing  in  tension 
from  the  surface  of  the  nucleus  upward  ;  and  that  whatever 
may  be  the  unknown  origin  of  the  electric  slate  of  the  earth's 
atmosphere,  the  same  may  be  the  origin  of  tlie  atmospheric 
electricity  of  the  comet.  But,  I  will  add,  from  my  special 
molecular  stand-point,  that  the  ethereal  electric  atmospheres  by 
which,  as  I  conceive,  the  gaseous  or  vaporous  atoms  aaoending 
from  the  nucleus  are  surrounded,  should  expand  as  these 
atoms  recede  from  the  nucleus,  and  come  under  diminished  gas- 
eous pressure,  and  so  give  off  a  certain  overplus  of  free  dec- 
tricity.  The  outward  flow  of  such  disengagea  electricity  along 
the  fines  of  best  vaporous  conduction  should  disengage  more 
or  less  light. 

Physical  Aspects  of  the  Comet. — From  numerous  poblisbed 
drawings  of  the  comet,  I  select  that  in  which  its  peculiar 
features  are  moat  conspicuous.    The  cot  is  a  copy  of  a  drawing 
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ocHnmunicated  b;  R.  S.  Newall  to  A.  C.  Raovard,  showing 
the  aspect  of  the  comet,  as  seen  at  Femdene  on  July  12tb.  In 
the  accompanying  description*  it  is  stated  that  "  the  nucleus 
was  very  bright,  with  a  disk  tolerably  well  defined.  In  front 
of  the  nucleus  (i.  e.  on  the  side  toward  the  sun)  was  a  fan- 
shaped  light  which  seemed  to  arise  from  the  overlapping  or  da- 
plication  of  tlie  two  tails,  which  streamed  away  behind  (the 
oocleos)  for  a  length  of  about  15°,  forming,  as  it  were,  two 
laminous  veils,  delicate,  transparent  and  dickering,  having  be* 
tween  them  a  black  space  well  defined  up  to  the  Ducleas.  The 
edges  of  these  tai}s  appeared  to  be  brighter  than  the  middle 
put,  and  crossing  over  the  nucleus  they  formed  the  sides  of  the 
tan;  the  outside  edges  also  crossing  over  formed  the  top  of  the 
fan  and  head  of  the  comet.  In  front  of  this  was  another  cov- 
ering semicircular  and  brightest  in  the  preceding  part,  and  in 
front  of  that  was  again  another  &inter  envelope  or  cloud." 
This  outer  faint  envelope,  or  duplex  envelope,  has  been  a  no- 
laoeable  feature  in  the  aspect  of  other  comets  (e,  g.  Donati's). 


Physical  structure  and  condition  of  Vie  CtimeL — Upon  the  vari- 
OQS  drawings  made  by  different  observers,  Mr.  Kanyard  has 
the  following  remarks :t  "The  drawings  that  were  made  of 
Coggia's  comet  during  the  early  part  of  July,  1874,  show  that 
ftlthough  there  was  but  one  small  almost  stellar  nucleus,  there 
were  two  sets  of  parabolic  envelopes  situated  side  by  side,  and  o^Ppor- 
enliy  overlapping  one  another  just  in  front  of  the  nucleus.  These 
•  Uonth.  NoCiCM  of  Abw.  6oc,  187B-6,  p.  379.  f  Ibid. 
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were  shown  in  the  drawings  made  by  Mr.  Huggins  and  Mr. 
Christie.  They  are  also  to  be  seen  in  Mrs.  Newall's  drawing 
(see  cut,  p.  166),  and  they  were  described  by  Mr.  Lockyer  in  a 
letter  published  in  the  Times,  of  July  16th,  on  the  stinicture  of 
the  comet  When  the  comet  was  again  visible  in  the  Southern 
hemisphere,  the  inner  duplicate  structure  was  still  visible,  but 
the  outer  arcs  had  been  dissipated."  The  duplicate  structure 
here  referred  to  is  a  highly  significant  fact.  That  it  may  be 
duly  appreciated  it  must  be  borne  in  mind  that  at  the  period 
when  this  structure  was  observed,  the  line  of  sight  from  the 
earth  to  the  nucleus  was  inclined  under*  a  siiall  angle  to  the 
plane  of  the  orbit,  and  under  a  large  angle  to  a  line  through  the 
nucleus  perpendicular  to  the  plane  of  the  orbit  A  few  days 
later  (July  21)  the  earth  was  in  the  plane  of  the  orbit ;  the  line 
of  sight  to  the  nucleus  was  in  this  plane,  and  perpendicular  to 
the  line  just  mentioned.  We  must,  therefore,  infer  that  at  the 
period  when  the  observations  were  made  the  luminous  jets  which 
made  up  Oie  stnicture  observed  were  situated  in  the  plane  through  the 
radius  vector  perpendicular  to  the  plane  of  the  orhity  or  were  seen  as 
projected  on  this  plane.  The  lateral  dispersion  and  lines  of 
jet-discharge  shown  in  the  drawings,  must  then  have  been  in 
the  direction  of  this  plane,  and  not  in  that  of  the  plane  of  the 
orbit  Shall  we  then  conclude  that  the  head  and  nrst  portions 
of  the  tail  were  flat,  or  approximately  so,  and  consisted  en- 
tirely of  jets  lying  in  this  plane  or  but  moderately  inclined  to 
it,  or  regard  the  drawings  as  showing  sections  of  a  hollow  parab- 
oloid by  this  plana  We  must  adopt  the  former  bypotbeds, 
since  the  strong  contrast  between  the  dark  space-  behind  the 
nucleus  and  the  two  comparatively  broad  bright  streams  on 
either  side  of  it,  and  the  sharp  lines  of  demarcation  between 
them  cannot  be  reconciled  with  the  latter. 

This  conclusion  suggests  at  once  the  inference  that  the  no- 
cleus  of  the  comet  must  have  rotated  about  an  axis  approxi- 
mately at  right  angles  to  the  plane  of  the  orbit,  and  that  the 
outstreaming  from  diverse  points  of  the  surface,  had  some 
physical  relation  to  the  latitudes  of  these  points  (i.  e.  their 
angular  distance  from  the  plane  of  the  orbit  or  equator).  This 
idea  being  once  admitted  we  readily  perceive  that  we  have  a 
plausible  explanation  of  the  duplicate  structure  of  the  comet 
m  the  hypothesis  that  separate  streams,  or  systems  of  Jets,  pro- 
ceeded from  the  two  hemispheres  lying  on  opposite  sides  of  the 
plane  of  the  orbit ;  and  that  the  overlapping  of  the  envelopes 
lust  in  front  of  the  nucleus,  signalized  by  Mr.  Ranyard,  may 
have  been  the  result  of  an  initial  inclination  toward  the  radius 
vector  of  the  jets  issuing  from  each  hemisphere.  The  preva- 
lent notion  that  the  outstreaming  is  everywhere  in  directions 
normal  to  the  surface  of  the  nucleus,  and  decreases  in  intensity 
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rom  the  region  exposed  to  the  normal  incidence  of  the  sun's 
ays,  it  appears,  then,  altogether  fails  of  application  to  Coggia's 
omet.  It  gives  the  single  hollow  paraooloidal  tail  without 
uplication,  which  is  entirely  at  variance  with  the  facts  of  ob- 
ervation. 

Physical  Theofry  of  comeiary  phenomena. — Now,  if  there  be, 
a  fact,  two  systems  of  jets,  eminating  from  opposite  hemis- 
ihcres  of  the  nucleus,  and  passing  over  from  one  to  the  other, 
re  can  look  for  the  origin*  of  such  a  state  of  things  only  in  a 
upposed  magnetic  condition  of  the  nucleus,  and  in  the  hypoth- 
si8  that  the  lines  of  initial  discharge  lie  in  the  direction  of  the 
mes  of  the  magnetic  force ;  or  in  lines  having  a  certain  relation 
3  these.  This  consideration  brings  us  to  the  proper  point  of 
lew  for  the  presentation  of  the  definite  physical  theory  of  com- 
taiy  phenomena  which  I  have  been  led  to  form,  from  a  detailed 
tuay  of  Coggia's  comet  and  other  comets.  It  is  briefly  this : 
bat  the  direct  effect  of  the  action  of  the  sun  on  the  side  of  the 
incleas  exposed  to  the  solar  rays,  is  to  form  an  envelope  of 
liseous  caroon  dioxide  extending  a  certain  distance  from  the 
iQcleus.  This  envelope,  consisting  of  a  diamagnetic  gas,  is 
raversed  by  the  ideal  lines  of  magnetic  force  proceeding  from 
he  nucleus,  which  are  also  lines  of  electric  conduction  through 
he  diama^etic  gas.  The  electricity  set  free  by  the  ascending 
lurrents  oi  the  gas,  by  reason  of  the  diminishes  gaseous  pres- 
ore,  is  propagated  along  these  lines ;  and  the  impulsive  force 
nf  the  electric  currents  detaches  streams  of  successive  mole- 
jules  of  the  gas,  in  the  direction  of  the  lines  of  conduction. 
)e  La  Rive's  well-known  experiment  of  transmitting  electricity 
hrough  an  attenuated  gas  or  vapor  surrounding  a  magnet, 
how^  that  the  lines  of  force  in  the  magnetic  field  were  also 
ines  of  electric  conduction,  rendered  luminous  by  the  propa- 
;ated  electricity.  The  outstreaming  cometic  matter  moves 
wav  subject  to  the  combined  action  of  the  nucleus  and  sun. 
Jotn  bodies  exert  repulsive  forces  upon  the  escaping  molecules, 
he  probable  origin  of  which  I  shall  consider  soon.  But  their 
ffective  actions  may  be  either  repulsive  or  attractive,  according 
s  the  repulsion  prevails  over  the  attraction  of  gravitation,  or  the 
everse.  The  repulsion  of  the  nucleus  takes  effect  in  directions 
lormal  to  its  surface,  or  nowhere  deviating  much  from  this  di- 
ection.  It  should  be  observed  that  besides  taking  effect  on  the 
aseous  molecules  detached  by  the  electric  discharges,  it  may 
perateon  other  molecules  not  thus  detached,  with  an  intensity 
ufficient  to  overcome  their  gravitation  toward  the  nucleus. 

In  my  mathematical  discussion  of  Donati's  comet*  I  reached 
be  result  that  the  tail  of  the  comet  was  made  up  of  matter  of 
7hich  a  portion  was  solicited   by  an  effective  solar  repulsion, 

*  This  Journal,  n,  vol.  xxxii,  No.  94,  July,  1S61. 
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varying  in  intensity  from  0  to  1*218  A  (A  representing  the 
intensity  of  the  sun's  attraction  of  gravitation  at  the  same  dis- 
tance); and  another  portion  was  subject  to  an  effective  solar 
attraction,  varying  between  the  limits  0  and  0'466  A  I  also 
showed  that  toe  '^columnar  structure''  of  the  tail,  signalized 
bv  Prol  Bond,  was  attributable  to  considerable  variations,  at 
short  intervals,  in  the  quantity  of  matter  detached  from  the 
head  of  the  comet;  while  the  limits  of  variation  of  the  effect- 
ive solar  force  remained  sensibly  the  same  for  several  da^a. 
The  varying  intensity  of  the  solar  repulsion,  in  its  operation 
on  different  molecules  or  particles  escaping  from  the  head,  was 
the  determining  cause  of  their  subsequent  wide  lateral  disper- 
sion in  the  plane  of  the  orbit  Professor  Bredichin,  Director 
of  the  Observatory  of  the  Moscow  University,  in  a  memoir  cm 
Coggia's  comet,  assigns  tor  the  effective  solar  force  in  operation 
on  that  comet,  average  attractive  values  varying  from  0*118  A 
to  0*580  A.  The  values  obtained  in  single  determinations  oome 
between  the  limits,  repulsion =1416  A  and  attraction =0*786  A 
Force  of  Cosmical  Repulsion, — Several  hypotheses  have  been 

Eropounded  with  regard  to  the  nature  and  origin  of  this  force 
»ut  none  of  them  appear  to  be  free  from  serious  objectiona 
Several  years  since  (1861)  I  suggested  the  hypothesis  that  the 
solar  repulsion  might  consist  in  the  repulsive  action  of  free 
statical  electricity.  We  have  abundant  evidence  of  electric 
excitation  both  at  the  surface  of  the  sun  and  in  the  cometary 
envelopes ;  but  it  may  reasonably  be  doubted  whether  the  free 
electricity  at  the  sun's  surface  can  exert,  at  cosmical  distances, 
an  energy  as  great  as  that  which  the  operative  cause  of  the 
wide  dispersion  of  cometic  matter  displays — especially  when  it 
is  considered,  as  suggested  by  Dr.  W.  Zenker,  that  a  positive  elec- 
tric state  at  or  near  the  surface  of  the  sun  implies  a  corres- 
ponding negative  state  at  some  lower  depth.*  While  not 
prepared  to  admit  the  impossibility  of  a  sensible  electric  repul- 
sion, it  appears  to  me  that  another  and  much  more  probable 
view  may  be  taken  of  the  character  and  origin  of  tne  solar 
force.  This  is  that  it  is  a  diamagnetic  repulsion  exerted  by  the 
sun  as  an  electro-magnet  f  on /he  gaseous  moUcuUs  of  the  oomeL 

*  Prof.  F.  Zollner,  in  two  elaborate  papers  -published  in  the  Astronomische 
Naehrichten,  No.  2057-2060  and  No.  2082-2086,  has  endesTored  to  ramoye  the 
foroe  of  the  several  objections  urged  by  Dr.  Zenker  to  the  electrio  theory  of  tiie 
solar  repulsion,  and  estabh'sh  the  adequacy  of  this  theory.  Dr.  2ienker  has  pub- 
lished a  detailed  reply  to  Prof.  Zollner's  arguments.  As  one  remilt  of  the  diflcns- 
aion,  it  does  not  appear  that  the  above-mentioned  objection  has  been  set  aside.  It 
must  be  admitted,  I  think,  that  at  present  the  electric  theory  rests  under  »  dood 
of  doubt  As  for  Dr.  Zenker's  own  reaction  theory,  to  mention  no  other  objec- 
tions, it  is  certainly  wholly  inapplicable  to  the  case  of  a  comet  coming  as  near  the 
sun  as  did  the  comets  of  1843  and  I860 ;  and  it  obviously  affords  no  ^EzplaiiatkHi 
of  the  duplicate  structure  of  Coggia's  comet. 

f  By  the  term  electro-magnet  is  meant  a  magnet  which  derives  its  magnetic 
condition  from  the  continued  operation  of  some  external  cause. 
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It  was  coDclusivelv  established  by  Faraday,  by  a  series  of  carefal 
experiments,  that  toe  gases,  with  the  exception  of  oxygen,  are 
diamagnetic ;  that  is,  that  their  molecales  are  repelled  oy  both 
poles  of  a  magnet.  That  the  body  of  the  sun  b  in  a  state  of  mag- 
netic excitation  there  is  abundant  evidence.  In  a  former  publi- 
cation *  I  have  undertaken  to  show  that  the  electric  currents  in 
which  this  must  consist,  may  be  ascribed  to  the  impulsive  action 
of  the  ether  of  space  on  the  ethereal  atmospheres  of  its  molecules, 
resulting  from  the  combined  motion  of  rotation  and  progression. 
If  the  nucleus  of  a  comet  has  a  motion  of  rotation,  as  well  as  of 
revolution,  the  same  operative  cause  should  make  it  an  effective 
magnet.  It  should  accordingly  diamagnetically  repel  the  mole- 
cales of  any  diamagnetic  gas  or  vapor  that  may  be  posited  at  or 
near  its  surfEtce.  l%e  force  thus  exerted  should  increase  in  inten- 
rity  with  the  augmenting  magnetic  intensity,  up  to  the  time  of 
the  perihelion  passage,*  when  the  orbital  velocity  is  the  greatest ; 
and  subsequently  decrease.  The  maximum  of  magnetic  intensity 
taay,  however,  be  reached  a  certain  interval  of  time  after  the  pen- 
beliOD  passage,  by  reason  of  the  persistence  of  currents  previously 
developed.  The  magnetic  condition  of  the  nucleus  would  be  a 
rapidly  changing  one,  in  approximate  correspondence  with  the 
varyiDg  rate  of  the  orbital  motion.  The  circular  magnetic  cur- 
rents developed  would  have  diverse  directions,  in  planes  lying 
between  the  plane  of  the  equator  and  the  plane  of  the  orbit.  The 
effective  force  exerted  by  the  nucleus  on  a  diamagnetic  gaseous 
molecule,  would  be  the  difference  between  its  diamagnetic  repul- 
rioD  and  its  attraction  of  gravitation.  The  solar  force  of  diamag- 
netic repulsion  should  vary  according  to  the  inverse  square  of  the 
distance.  The  mathematical  discussion  of  Donati's  comet,  already 
alluded  to,  served  to  establish  that  the  effective  solar  force  taking 
effect  on  the  particles  of  the  tail  of  the  comet  varied  according  to 
this  law.  From  this  fact  we  may  infer  that  it  probably  consists 
of  radial  impulses  propagated  in  waves  through  the  ether  of  space. 

Inequality  of  the  Solar  Repulsion. — Faraday  established  that 
the  diamagnetism  of  a  gas  increased  with  its  temperature.  But 
the  separate  gaseous  molecales  of  a  comet  being  equally  ex- 
posed to  the  sun's  rays  could  not  differ  materially  in  temperature. 
Any  single  molecule,  in  receding  from  the  sun,  should,  how- 
ever, experience  a  gradual  diminution  of  temperature,  and 
therefore  become  less  diamagnetic.  The  inequality  of  the  solar 
repulsion,  taking  effect  on  different  gaseous  molecules,  cannot 
then  be  ascribed  to  changes  of  diamagnetic  condition  produced 
by  changes  of  temperature.  But  may  not  material  variations 
01  diamagnetic  condition  result  from  the  electric  discharges  to 
which  the  gaseous  molecules  are  exposed  7 

Looking  at  the  matter  from  the  general  point  of  view  I  have 
taken  in  my  papers  on  Molecular  Physics,  it  appears  that  such  dis- 

*  This  Journal,  II,  vol.  xli,  Jan.,  1S66. 
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charges  should  condense  the  electric  atmospheres  (or  envelopes)  of 
the  molecules,  and  so  augment  their  absorptive  action  on  the 
radial  impulses  of  the  diamagnetic  repulsion.  In  proportion  as 
the  condition  of  the  molecular  atmospneres  is  favorable  to  such 
absorption,  will  the  condition  of  the  molecules  be  un&vorable  to 
the  r^eption  of  an  impulsive  action  from  the  diamagnetic  force. 
The  tenaency  of  electric  discharges  should  then  be  to  diminish 
the  molecular  susceptibility  to  diamagnetic  repulsion  from  the 
sun  or  nucleus  of  the  comet.  The  varying  intensity  of  such  dis> 
charges  might  well  occasion  large  variations  in  this  susceptibility. 
While  a  portion  of  these  effects  should  pass  of^  as  their  orignating 
cause  ceases  to  operate,  a  certain  portion  may  abide  as  permanent 
changes  of  molecular  condition.  This  is  a  legitimate  deduction 
from  my  general  molecular  theory ;  from  which  the  variability  of 
the  physical  condition  of  the  ultimate  molecules  under  varying 
conditions,  is  one  prominent  inference,  and  the  key  to  the  satis- 
factory explanation  of  a  multitude  of  phenomena. 

The  only  other  view  that  can  be  reasonably  entertained  of  a 
possible  origin  of  an  ine(^uality  of  solar  repulsion,  is  that  the 
cometic  particles  may  differ  greatly  in  size  or  mass.  This 
might  be  allowed  if  we  could  admit  that  they  are  solid  particles^ 
or  that  a  large  number  of  different  gases  are  present  in  the 
coma.  But  both  of  these  suppositions  seem  to  be  irreconcilable 
with  certain  facts  of  observation. 

Eocplanation  of  General  and  Special  Phenomena. — It  should  be 
understood  at  the  outset,  that  it  is  not  essential  to  the  explana- 
tion of  cometary  phenomena,  that  the  force  of  cosmical  repul- 
sion be  regarded  as  having  a  diamagnetic  origin — that  is,  as  I 
view  the  matter,  consists  of  radial  impulses  propagated  in 
ethereal  waves  proceeding  from  all  points  of  the  magnetic 
currents  of  the  cosmical  body.  The  essential  feature  is  that  a 
repulsion,  whatever  may  be  its  origin,  is  exerted  normally,  or 
approximately  so,  to  the  surface  of  the  body,  and  that  the  radial 
impulses  of  tnis  force  take  effect  unequally  on  different  gaseous 
molecules;  by  reason  of  unequal  absorption,  resulting  probably 
from  certain  effects  produced  by  electric  discharges — ^but  possi- 
bly on  solid  cometic  particles  differing  in  size  or  mass.  A  mag- 
netic condition  of  the  nucleus,  suflSciently  decided  to  determine 
lines  of  electric  conduction  through  its  diamagnetic  gaseous 
envelope,  coincident  with  the  lines  of  force  in  the  magnetic 
field,  is  however  an  essential  feature  of  the  theory. 

The  precise  character  of  the  phenomena  should  depend,  to 
some  extent,  on  the  position  of  the  axis  of  rotation  of  the 
nucleus.  We  may  regard  as  the  normal  position  that  in  which 
it  is  perpendicular  to  the  plane  of  the  orbit :  and  the  attendant 
phenomena  as  the  general  phenomena.  If  the  axis  deviates 
from  this  position  there  will  be  two  efficient  causes  of  special 
phenomena  to  be  considered :  (1)  the  point  of  maximum  evap- 
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>ratiiig  effect  of  the  sun's  rays  will  probably  fall  at  some  point 
>f  either  the  northern  or  the  southern  hemispnere  of  the  nudeus, 
nstead  of  on  the  equator ;  (2)  the  magnetic  poles  will  not  coin- 
nde  with  the  poles  of  rotation,  and  the  magnetic  equator  will 
36  more  or  less  inclined  to  the  plane  of  the  equator  of  rotation, 
18  well  as  to  that  of  the  orbit.  From  this  it  follows  that  the 
lines  of  force  will,  in  general,  be  more  or  less  inclined  to  the 
istronomical  meridian  planes  of  the  nucleus ;  and  hence  that 
^he  initial  directions  of  the  jets  of  cometic  matter  will  be  in- 
clined to  these  planes. 

Let  OS  first  take  the  axis  in  its  normal  position.  We  at  once 
perceive  that  there  may  be  two  general  varieties  in  the  process 
rf  evaporation  under  the  influence  of  the  sun  s  rays.  (1.)  A 
continuous  evaporation  most  abundant  at  the  equator,  and  ex- 
tending into  both  hemispheres.  (2.)  A  more  copious  evapora- 
tion occurring  only  at  certain  intervals,  beginning  in  each 
instance  at  the  equator,  and  subsequently  extending  both  north 
ind  south.  A  tendency  to  such  intermittence  at  each  point  of 
a  meridian  should  result  from  the  cold  produced  by  a  copious 
evaporation  and  the  intercepting  action  of  the  vapors  already 
generated.  The  vapor  or  gas  developed  by  either  of  these 
special  processes  becomes  subject  to  an  expulsion  to  an  indefi- 
oite  distance,  either  by  an  effective  repulsion  exerted  by  the 
Dncleus,  or  by  the  impulsive  force  of  electric  discharges  com- 
bined with  the  effective  force  exerted  by  the  nucleus,  whether 
attractive  or  repulsive.  In  both  of  these  modes  of  expulsion 
the  gaseous  molecules,  in  their  motion  relative  to  the  nucleuSj  are 
subject  to  the  full  force  of  the  sun*s  repulsion,  undiminished 
by  his  attraction  of  gravitation.  Those  which  experience  the 
Brst  mode  of  expulsion,  not  having  suffered  any  diminution  of 
susceptibility  to  diamagnetic  repulsion  by  reason  of  electric 
discharges  (p.  170),  ^re  energetically  repelled  both  by  the  nu- 
cleus and  sun.  They  become  separately  visible  in  the  straight 
"  secondary  tails  "  (e.  g.  Donati's  comet).  On  the  other  hand, 
the  gaseous  matter  expelled  by  electric  discharges,  serves  to 
form  the  envelopes  that  rise  in  succession  from  the  nucleus 
(e.  g.  Donati's  comet;  great  comet  of  1861).  In  the  formation 
and  expulsion  of  each  successive  envelope,  whichever  of  the 
fcwo  processes  of  evaporation  may  occur,  the  evolution  of  gas- 
eous matter  will  be  most  abundant  at  the  equator,  and  electric 
iiscfaarges  may  reasonably  be  supposed  to  begin  near  the  equa- 
tor, ana  extend  gradually  both  north  and  south.  The  varying 
lirections  of  the  discharges,  and  therefore  also  of  the  initial 
lirections  of  the  jets,  from  diverse  points  of  a  single  meridian, 
ire  shown  in  Fig.  2.  At  about  35°  from  the  equator,  on  either 
ride,  the  direction  becomes  parallel  to  the  eauator  {ecq\  and 
;has  to  the  radius  vector  {ceR).    From  0°  to  36   it  tends  toward 


ITS  W.  A.  Sorkm — Ooggia't  ConuL 

this  line,  and  beyoad  86°  diver^ges  from  it  nnder  a  lareer  and 
larger  angle.  If  the  initial  velocity  is  conatant,  as  well  as  the 
solar  repulsion,  the  escaping  molecule  should  attain  to  its  great- 
est distance  from  the  nucleus  when  the  dischai^ge  occars  from 
the  latitude  of  36°,  and  in  the  precise  direction  of  the  sao.  If 
then  the  pnxsesa  of  electric  discharge  b^n  near  the  equator, 
and  extend  grailu&lly  to  the  north  and  south,  the  ooter  sni&oe 
(^  the  enreTope  formed  will  gradually  move  away  from  the 
naclens,  and  attain  its  greatest  distance  when  the  process  reaches 
the  latitude  S5°.  The  jets  that  issue  from  latitudes  greater 
than  that  (about  35°)  at  which  the  direcuon  is  parallel  to  the 
radius  vector,  do  not  pass  sensibly  beyond  the  bounda^  line  of 
the  jets  that  proceed  from  points  between  0°  and  So°  of  the 
other  hemisphere,  unless  for  such  jets  the  projectile  velocity  is 
greater,  or  tne  solar  repuhiion  lessi.* 


What  has  now  been  stated  should  be  the  precise  resalt  if  the 
molecules  after  receiving  a  projectile  velocity  were  exposed 
only  to  the  retarding  force  of  the  solar  repulsion.  The  effect- 
ive action  of  the  nucleus  would  obviously  modify  somewhat 
the  curve  for  each  initial  direction,  and  alter  the  limiting  lati- 
tude for  which  the  recess  in  the  assumed  direction  is  a  maxi- 
mum. If  this  eBeclive  action  is  attractive,  this  latitude  will 
exceed  36°,  if  it  is  repulsive,  it  will  be  less  than  36°. 

We  may  infer  from  the  great  dimensions  of  the  head  of  a 

comet  in  comparison  with  the  nucleus,  that  the  action  of  the 

nucleus  becomes  practically  insensible  at  a  small  fraction  d  ihe 

*  8ae  ranwrii  ihoot  recMS  <4  anTOk^w  on  p.  116. 
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distance  to  which  the  jets  recede  in  the  direction  of  the  sun. 
We  may  then  regard  any  expelled  particle  as  issuing  from  the 
small  sphere  of  sensible  action  of  the  nucleus  with  an  initial 
velocity  resulting  from  the  projectile  force  of  the  electric  dis- 
charge, and  the  retarding  force  of  the  nucleus  (or  accelerating 
force  if  the  effective  action  should  be  repulsive) ;  and  as  subse- 
quently retarded  by  the  solar  repulsion.  As  we  have  seen,  p. 
170,  the  gaseous  molecule  whicn  receives  the  greatest  electric 
impulse  snould  thereafter  be  the  least  susceptible  to  repulsion 
by  the  sun  or  nucleus.  Such  a  molecule,  though  receiving  the 
hiffhest  projectile  velocitv,  should  then  be  most  retarded  by  the 
effective  attraction  of  the  nucleus  (or  least  accelerated  by  its 
effective  repulsion).  The  tendency  of  this  state  of  things  is 
then,  to  bring  the  velocities  of  all  the  different  molecules,  as 
they  emerge  from  the  sphere  of  sensible  action  of  the  nucleus, 
'to  approximately  the  same  value.  In  considerinjg  the  subse- 
quent motion  of  a  molecule,  under  the  retarding  influence  of 
the  solar  repulsion,  its  velocity  and  direction  of  emergence 
from  this  sphere,  becomes  the  initial  velocity  and  direction. 


As,  for  any  one  molecule,  the  solar  repulsion  is  sensibly  constant 
within  the  extent  of  the  head  of  the  comet,  the  path  of  the 
molecule  will  be  parabolic.  If  we  regard  the  initial  velocity 
as  constant  for  the  different  molecules,  those  which  suffer  the 
least  retardation  from  tha  solar  repulsion  should  attain  to  the 
greatest  distance  from  the  nucleus ;  and  at  the  time  of  great- 
est recess  lie  in  the  outer  surface  of  the  envelope.  Those 
which  suffer  the  greatest  retardation  should  form  a  similar 
luminous  surface  at  a  lower  depth.  The  latter  would  eventu- 
ally form  the  preceding  side  of  the  tail  of  the  comet,  from  a 
certain  distance  behind  the  nucleus,  while  the  former  would 
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form  the  following  side.  The  time  reqaired  for  anj  reoeding 
particle  receiving  sd  initial  velocity  in  the  line  of  <nreotion  m 
the  suD,  to  reach  ite  point  of  greatest  recess,  mnBt  have  been 
lees  than  twentj-four  hours,  in  the  case  of  the  two  comets 
(Donati's  and  Coggia's)  for  which  the  intensity  of  the  actual 
solar  repulsion  has  been  determined. 

Let  nesq  (Fig.  8)  represent  the  nucleus,  or  more  strictly  the 
sur&ce  of  projectile  dischatge,  and  n'  ^  ^c^  the  sphercof  sen- 
sible action  of  the  nucleus ;  e  q  being  the  equator  and  ceR  the 
direction  of  the  sun.  The  point  p  is  at  laL  35°,  and  r  is  the 
point  of  projection  of  the  jet  which  issues  from  the  sphere 
n'  e"  a'  q[  in  the  direction  r'  R"  parallel  to  ce  R.  The  jets  pro- 
ceeding from  the  arc  er  issue  from  this  sphere  at  vanous 
points  fromt*  to  r'.  One  of  these  jets  proceeding  from  a  certain 
point  near  e  will  hare  at  v  a  direction  at  right  angles  to  c  e  £, 


If  the  jet  discharge  extend  beyond  r  to  some  point  z  the  jet 
proceeding  from  z  will  emerge  Irom  the  sphere  n  e'  a'  y*  at  ^,  in 
a  direction  ^  t,  having  a  certain  inclination  to  c  e  R.  The 
cometic  matter  outstreaming  from  the  arc  rz  will  emei^  from 
the  same  sphere  between  r'  and  z'.  Now  let  n'  ^  s'q'  (Fig.  4) 
answer  to  n'  e'  s'  q'  in  Fig.  3,  and  let  tt  denote  the  inclination  of 
any  jet  emerging  from  this  sphere  to  the  line  n' ct"  perpendic- 
ular to  the  radius  vector  ce  R.  Suppose  a  (estimated  from 
left  tojright)  to  increase  by  10°  from  0°  to  90°,  and  let  qb  re- 
gard the  initial  velocity,  on  leaving  the  sphere  n'  «*  a'  j",  aa 
constant,  (p.  173)  and  also  the  solar  repulsion  as  constant  for 
each  jet     The  parabolic  carves  that  would  be  pursued   are 
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sbowo  ID  the  diagraiD.  The  jete  proceed  from  n'  vtfr',  and 
were  projected  from  tbe  lower  latitudes  of  the  right  hemis- 
phere, or  between  e  and  r  (Fig.  8).  Jetn  issuing  from  the  corr«- 
Bponding  arc  e  r,  of  the  other  hemisphere,  woala  form  a  similar 
Bet  of  corves  to  the  right  ol  ce^  A  Other  sets  of  parabolic 
jets  are  projected  from  latitudes  above  36°,  or  from  the  arcs  r  z 
and  T  X  (Fig.  8) ;  but  these  will  h&ve  seosibly  the  mme  outer 
boundu^  as  those  from  e  Zander,  unless  the  initial  velocity 
or  the  solar  repulsion  is  different.  It  is  to  be  observed  that  ce 
is  so  small  a  fraction  of  c  e'  (Fig.  S)  and  c  e'  so  small  a  fraction 
of  e  Y  (Fig.  4)  that  we  may  without  material  error  r^^ard  v  as 
coincideat  with  .n',  and  Z  as  coincident  with  e'. 


The  hypothesis  made  in  the  construction  of  Fig.  4,  that  the 
solar  repulsion  is  constant  for  all  values  of  a,  or  in  other  words 
that  the  force  of  electric  discharge  on  which  the  intensity  of 
this  repulsion  theoretically  depends,  is  independent  of  tbe  initial 
angle  of  direction  of  the  jet.  is  not  the  most  probable  one  under 
tbe  circumstances.  In  fact,  tbe  electric  discharges  at  tbe  nucleus 
sboald  apparently  increase  in  intensity  and  impulsive  action, 
with  tbe  inclination  of  the  line  of  discharge  U3  the  surface, 
and  hence  the  solar  repulsion  should,  according  to  the  theoret- 
ical principle  before  stated  (p.  170)  diminish  as  this  angle  of 
inclination  increasea  This  angle  corresponds  to  the  dip  of  a 
magnetic  needle  on  the  earth's  surface,  and  varies,  we  may  sap- 
poee,  with  the  latitude  according  to  a  similar  law.  Let  it  be 
aenoted  hj  p. 
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In  Fig.  6  the  solar  repulsion  is  assumed  to  be  inversely  pio- 
portional  to  sin  /3.  The  change  of  direction  of  the  jet  while 
passing  through  the  sphere  of  sensible  action  of  the  nucleus  is 
neglected  in  the  application  of  this  law.  Two  systems  of 
curvilinear  jets  are  shown — one  answering  to  values  of  a  varying 
by  10®  from  50*^  to  90*^,  and  emanating  from  latitudes  less  than 
85®  of  the  right  hemisphere,  or  from  a  portion  of  the  arc  er 
(Fig.  S) ;  and  another  answering  to  values  of  a  varying  by  10® 
from  90°  to  180°,  and  estimated  from  right  to  left  These  em- 
anated from  latitudes  greater  than  85°  of  the  left  hemisphere, 
or  from  a  portion  of  the  arc  r^  x  (Fig.  8).  The  other  corres- 
ponding systems  of  jets,  emanating  from  portions  of  er^  and  r«, 
would  form  the  other  half  of  the  comet  If  we  consider  all 
the  jets  issuing  from  the  right  hemisphere  as  forming  one  sys- 
tem, and  all  those  issuing' from  the  left  hemisphere  as  forming 
another  system,  then  for  each  system  a  will  vary  from  50°  to 
180°:  anci  will  increase  from  left  to  right  for  the  first,  and  from 
right  to  left  for  the  second.  They  answer  to  the  supposition 
that  the  outstreaming  extends  from  latitude  17^®  to  67 i®,  in 
each  hemisphere.  It  will  be  seen  that  the  jets  proceeding 
from  the  latitudes  higher  than  85°,  for  which  a  varies  from  90 
to  180®,  recede  to  greater  distances  from  the  nucleus  than  those 
emanating  from  latitudes  less  than  85®,  for  which  a  varies  from 
50®  to  90  .  This  of  course  results  from  the  greater  values  of 
sin  /?  that  obtain  for  the  first-mentioned  set  of  jets.  Thus,  for 
the  180®  jet  8in/?=^0-958,  while  for  the  50®  jet  sin /J=0«84. 
The  envelope,  Vabd,  or  outer  boundary  of  the  latter  system  of 
jets  thus  falls  within  that,  Va'  V  d\  of  the  other  system.  The 
overlapping  of  the  two  systems  of  jets  should  accordingly  be 
conspicuously  visible,  and  an  appearance  presented  similar  to 
that  of  Coggia's  comet  on  July  12th,  as  shown  in  the  drawing 
on  page  166. 

This  drawing  indicates  that  the  evolution  of  cometic  matter 
was  much  less  for  angles  a  from  0®  to  about  60®  than  from  50° 
to  180®.  Not  to  confuse  the  drawing  too  much  I  have  shown 
in  full  lines  only  two  jets  between  0°  and  50°,  answering  re- 
spectively to  10°  and  15® ;  as  showing  that  the  boundaries  of 
the  dark  space  behind  the  nucleus  were  probably  formed  by 
jets  issuing  from  low  latitudes  on  the  nucleus. 

It  ought  t9  be  added,  as  an  important  feature  of  the  general 
theory,  that  the  recess  of  a  cometary  envelope,  or  system  of  jets 
from  the  nucleus,  should  continue  after  the  iet  discharge  has 
reached  the  latitude  85®  and  upward,  until  the  electric  discharges 
at  these  latitudes  have  attained  to  the  maximum  intensity. 

Certain  comets  have  presented  peculiarities  of  appearance  which 
I  find,  on  a  careful  examination,  admit  of  satisfactory  explanation 
on  the  hypothesis  that  the  eqbator  of  the  nucleus  was  inclined  to 
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the  plane  of  the  orbit,  and  in  consequence  the  two  magnetic  hem- 
ispheres were  unequally  exposed  to  the  influence  of  the  sun's  rays. 
Tne  special  features  aliudeo  to,  are  the  unsymmetrical  position  of 
the  envelopes  thrown  off  in  succession  from  the  nucleus  (e.  g.,  the 
envelopes  of  Donati's  comet  in  their  earlier  stages,  and  especially 
the  five  separate  envelopes  of  the  great  comet  of  1861,  as  seen  by 
Dr.  Schmidt  on  June  30th) ;  and  great  differences  in  the  length  of 
the  two  branches  of  the  normal  tail,  in  connection  with  an  anom- 
alous curvature  of  the  first  portion  of  the  longer  branch,  when  the 
comet  was  viewed  from  certain  positions  of  the  earth  relative  to 
the  plane  of  the  orbit,  observed  in  the  case  of  Comet  II,  1862,  and 
elaborately  discussed  by  Prof  Schiaparelli  and  Pro£  Bredichin. 
In  this  case  we  have  only  to  suppose  that  the  sun  was  vertical 
to  points  of  one  of  the  hemispheres,  and  as  a  consequence  the  jet 
discbarges  were  mostly  confined  to  that  hemisphere.  The  longer 
branch  of  the  tail  was  composed  of  jets  issuing  from  the  lower 
latitudes,  while  the  less  copious  and  more  fluctuating  discharges 
of  matter  subject  to  a  diminished  solar  repulsion  (p.  176)  from 
the  higher  latitudes,  formed  the  shorter  branch  of  variable  length.* 
The  anomalous  curvature  of  the  former  system  of  jets,  and  their 
interlacing  with  the  other  system,  was  a  simple  consequence  of 
the  greater  intensity  of  the  solar  repulsion  in  operation  on  the 
former  than  on  the  fatter. 

The  curious  phenomenon  of  the  oscillation  of  jets  first  observed 
by  Bessel  in  the  head  of  Halley's  comet,  and  of  which  he  offered 
in  explanation  the  improbable  hypothesis  of  a  polar  attractive 
force  exercised  by  the  sun  upon  the  nearer  portion  of  the  nucleus, 
may  be  seen  to  be  another  probable  consequence  of  an  inclination 
of  the  equator  to  the  plane  of  the  orbit.  It  has  already  been  in- 
timated (p.  1 71),  as  one  theoretical  result  of  such  a  state  of  things, 
that  there  should  be  two  magnetic  poles  in  each  hemisphere,  and 
that  the  lines  of  magnetic  force  should  be  variously  inclined  to  the 
planes  of  different  local  meridians  on  the  nucleus.  As  the  planes 
of  these  different  local  meridians  are  brought  successively  by  the 
rotation  into  coincidence  with  the  meridian  plane  through  the 
sun,  the  lines  of  jet  discharge,  which  are  coinciaent  with  the  lines 
of  magnetic  force,  should  oscillate  with  respect  to  this  plane. 

*To  illustrate,  if  the  outstreaming  were  confined  to  the  right  hemisphere,  (Fig. 
3)  the  jets  proceeding  from  e  r  would  pass  over  to  the  left  side  of  the  nucleus,  and 
tho«e  proceeding  from  r  z  would  curve  around  to  the  other  side. 
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Art.  XXIL— On  the  Velocity  of  Transmission  of  Earth  Waves; 
by  Geoeral  H.  L  Abbot,  Corps  of  Engineers. 

Advantage  was  taken  of  the  explosion  cl  50,000  pounds  of 
djnamite  at  Hallet's  Point,  on  September  24th,  1876,  to  meas- 
ure the  velocity  with  which  the  shock  was  transmitted  throngh 
the  ground^  both  across  Long  Island  and  along  the  soath  bank 
of  East  River.  The  results  were  embodied  in  a  paper  read  by 
me  before  the  National  Academy  of  Sciences,  on  October  18th, 
1876,  and  subsequently  again  read  and  printed  as  one  of  the 
papers  of  the  Esuyons  Club  of  the  Corps  of  Engineers. 

in  the  number  of  the  London,  Edinburgh  and  Dublin  Phi- 
losophical Magazine,  for  October,  1877,  appeared  a  short  review 
of  this  paper  from  the  pen  of  Mr.  Robert  Mallet,  F.RS.,  a  gen- 
tleman well  known  for  his  numerous  and  able  contributions  to 
seismology.  In  this  article,  he  suggested  reasons  which  led 
him  to  doubt  the  value  and  accuracy  of  the  Hallet's  Point 
resulta 

Even  if  I  had  felt  disposed  to  enter  into  a  controversy  upon 
the  subject,  I  should  have  been  quite  disarmed  by  the  conclud- 
ing sentence  of  this  article,  which  expresses  views  so  just  and 
liberal  that  it  may  well  be  quoted  as  an  exemplar  of  the  man- 
ner in  which  scientific  questions  should  be  ^considered.  He 
writes: 

*^  In  these  objections  I  wish  to  be  clearly  understood  as  hav- 
ing no  a  priori  difficulty  in  accepting  a  higher  velocity  of  wave 
transit  than  the  highest  attained  experimentally  by  myself.  It 
is  highly  probable  that  such  may  be  elicited  by  fiiture  experi- 
ment But  should  such  cases  arise,  their  results  like  all  great 
physical  truths,  should  only  be  credited  upon  unexceptionable 
observations  or  experimental  evidence.  While  feeling  justi- 
fied in  making  these  objections,  I  wish  to  disclaim  all  contro- 
versial spirit  or  intention  ;  loss  of  sight,  indeed,  and  diminished 
energy  would  prevent  my  engaging  in  any  scientific  contro- 
versy, were  any  called  for." 

Believing,  at  the  date  of  my  first  paper,  that  the  data  secured 
at  the  Ballet's  Point  explosion  demonstrated  the  necessity  for 
more  exact  and  comprehensive  knowledge  of  the  subject,  I 
have,  during  the  past  season,  taken  advantage  of  the  facilities 
ofiered  by  large  sub-aqueous  explosions  at  the  School  of  Sub- 
marine Mining  at  Willets  Point,  to  continue  the  investigation; 
and,  on  October  28d,  1877,  I  read  a  second  paper  before  the 
National  Academy  of  Sciences,  giving  the  results  thus  obtained. 
As  only  a  brief  abstract  of  this  paper  has  appeared  in  print,  I 
propose  now  to  give  a  summary  of  the  conclusions  suggested 
Dy  the  whole  series  of  experiments  and,  incidentally,  to  explain 
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my  reasons  for  believing  that  Mr.  Mallet  has  not  quite  under- 
stood the  parts  of  my  first  paper  to  which  he  has  taken  excep- 
tion. 

Limited  space  forbids  any  detailed  explanation  here  of  the 
method  adopted  for  measuring  the  time  of  transmission  of  the 
shocks;  especially  as  this  is  lully  given  in  my  printed  paper, 
together  with  the  notes  of  the  observers  in  full  Suffice  it  to 
say  that  the  instant  of  explosion  and  the  time  of  arrival  of  the 
tremors,  were  electrically  recorded  on  the  same  moving  paper 
with  extreme  precision.  The  following  table  exhibits  the  data, 
of  which  only  the  first  six  observations  were  known  to  Mr. 
Mallet  when  ne  wrote  his  article. 
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Mr.  Mallet's  results  were  reported  many  years  ago  to  the 
Bojal  Society,  and  unquestionably  are  to  be  accepted  as  exhib- 
iting the  velocities  due  to  his  initial  shocks  and  given  by  the 
method  which  he  employed.  Unfortunately,  no  full  descrip- 
tion of  this  method,  and  especially  no  record  of  the  optical 
power  of  the  instrument  is  contained  in  his  paper  to  the  Royal 
Society ;  and  my  results,  as  will  soon  appear,  prove  the  latter 
to  be  of  unexpected  importance.     The  following  are  his  figures : 

Velocity  in  ft.  per  second  in  sand 825  ft. 

in  discontinuous  and  much  shat- 
tered granite 1 306  ft. 

in  more  solid  granite 1665  ft 

in  quarries  at  Holyhead  (mean)  1320  ft. 

The  extraordinary  differences  between  these  rates  and  those 
measured  at  the  Ballet's  Point  explosion,  and  the  apparent  dis- 
crepancies of  the  latter  among  themselves,  led  me  to  so  plan 
the  new  observations  as  to  throw  light  upon  two  points :  1st, 
Does  a  telescope  of  high  power  detect  a  tremor  in  the  mercury 
in  advance  of  the  one  first  revealed  by  a  lower  power?    2d,  Is 
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there  a  difference  in  the  rate  of  transmission  of  the  shocks,  due 
to  difierences  in  the  intensity  of  the  initial  explosion? 

The  method  adopted  was  to  station  two  observers  near  each 
other  at  a  carefully  selected  inland  position;  each  observing  a 
mercury  seismometer,  and  holding  in  his  hand  the  key  of  an 
accurate  Morse  register  to  record  the  instant  of  arrival  and  the 
duration  of  the  tremor.  These  seismometers  were  the  same 
instruments  used  at  the  Ballet's  Point  explosion.  They  dif- 
fered from  each  other  only  in  the  optical  power  of  the  telescope, 
that  designated  A  in  the  table  having  a  magnifying  power  or  6, 
and  that  marked  B  of  12. 

A  fuse  in  the  electrical  circuit  which  fired  the  torpedo,  was 
bedded  in  the  cartridge  of  a  field  gun  directed  toward  the  ob- 
servers ;  and,  as  a  very  powerful  battery  was  used,  the  two  ex- 
plosions were  absolutely  simultaneous.  A  third  observer,  hold- 
ing in  his  hand  a  key  which  closed  the  circuit  of  both  registers, 
observed  the  muzzle  of  this  gun  with  a  good  telescope,  and 
recorded  the  flash  electrically  with  precision.  The  observers 
were  all  officers  of  the  Corps  of  Engineers  accustomed  to  deli- 
cate observations.  The  distance  traversed  by  the  shock  was 
measured  by  triangulation. 

The  observations  of  September  6th  and  September  12th, 
1877,  marked  7  to  12,  and  sufficiently  explained  in  the  forgo- 
ing table,  answered  the  query  relative  to  optical  power  deci- 
sively in  the  affirmative;  and,  as  may  be  seen  from  the  table, 
the  earlier  observations  singly  and  collectively  suggest  the  same 
conclusion.  The  mean  velocity  given  by  the  six  observations 
with  type  A  is  4225  feet  per  second,  while  that  given  by  the 
same  number  with  type  B  is  7475  feet  per  second.  There  can, 
therefore,  be  no  doubt  that  the  first  tremor  of  the  mercury  is  of 
too  feeble  intensity  to  be  detected  with  a  magnifying  power  of  6. 
Hence,  as  the  first  tremor  determines  the  true  rate  of  transmis- 
sion of  the  shock,  the  rejection  of  all  the  observations  made 
with  type  A  follows  as  a  matter  of  course.  They  are  valuable 
as  exhibiting  the  rate  of  advance  of  waveS  having  a  certain  in- 
tensity, but  they  do  not  reveal  the  velocity  of  the  leading  tre- 
mor. Indeed  it  is  not  impossible  that  a  power  above  12  might 
have  detected  a  still  earlier  tremor ;  or,  in  other  words,  have 
indicated  velocities  of  transmission  exceeding  those  in  the  table. 

These  conclusions  are  so  novel  and  important  that  certain 
additional  evidence  will  be  given,  furnished  by  the  notes  of 
the  observers  recorded  at  the  time  and  without  consultation. 

Lieut  Leach,  using  a  power  of  12,  recorded  of  the  second 
observation  of  September  12fch  (No.  12),  "  The  gunpowder  wave 
was  peculiar,  in  having  a  much  more  gradual  increase  than  has 
been  observed  in  dynamite  shocks.  I  should  say  it  was  at 
least  two  seconds  in  attaining  a  maximum,  whereas  the  dynam- 
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ite  udaally  reaches  its  maximum  in  a  very  small  fraction  of  a 
second." 

Lieut.  Griffin,  who  used  a  power  of  6,  recorded  of  the  same 
shock  (No.  11),  "The  gunpowder  disturbance  remained  con- 
stant for  a  perceptible  interval,  instead  of  immediately  decreas- 
ing as  is  the  case  with  dynamite." 

It  will  be  noticed  that  the  shock  of  October  10th,  1876  (No. 
6),  was  caused  by  the  explosion  of  seventy  pounds  of  gun- 
powder— the  same  charge  which  was  fired  on  September  12th, 
1877,  and  to  which  these  records  refer — but  that  the  duration 
of  the  tremor  was  much  less.  The  reason  is,  that  the  initial 
earth  waves  were  far  more  violent  in  the  latter  case,  when  the 
torpedo  lay  on  the  bottom  in  thirty  feet  of  water,  than  in  the 
former,  when  the  charge  was  only  submerged  five  feet  in  water 
thirteen  feet  deep,  and  thus  expended  much  of  its  energy  in 
throwing  a  huge  jet  of  water  380  feet  into  the  air. 

Thus  it  will  be  seen  that  these  records,  and  the  velocities 
observed  on  the  two  days,  all  tend  to  confirm  the  idea  that  a 
slow-burning  explosive,  like  gunpowder,  generates  a  series  of 
gradtially  increasing  tremors  which,  at  a  distance  of  a  mile,  are 
at  first  quite  invisible  with  the  less  sensitive  seismometer; 
and  are  only  detected  by  it  when  near  their  maximum  inten- 
sity. If  Lieut  Leach's  estimate  of  time  for  the  arrival  of  the 
maximum  wave  be  accepted,  we  have,  therefore,  for  the  first 
mile: 

C  Power  of  12  gives  8415  feet  per  second. 
Deep  torpedo  )       "       "     6      "    6559 


4(  ((  (( 


(70  Iba)       I   Estimated  mini-  )  ^igo    u      «        « 
[  mum  power  gives  ) 
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(70  lbs.)  power  gives    J 
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Without  wishing  to  attach  undue  weight  to  these  records, 
they  appear  to  me  to  suggest  a  possible  explanation  of  the  dis- 
crepancies between  the  results  obtained  by  Mr.  Mallet  and  my- 
seli,  provided  his  magnifying  power  was  low.  It  would  be 
very  interesting  to  know  the  actual  power  employed. 

As  to  the  second  query — Whether  the  rate  varies  with  the 
intensity  of  the  initial  shock,  the  data,  although  less  decisive, 
certainly  suggest  an  affirmative  answer.  The  evidence  afibrded 
by  No.  6  and  No.  11  has  been  already  pointed  out.  For  a 
power  of  12,  the  table  shows  that  for  the  first  mile : 

400  lbs.  of  dynamite  give  8814  feet  per  second. 
200    *'     "  "  "      8730    "      "         " 

70    "     "  powder  (deep)  8415    "      '*         " 

If  it  be  admitted  also  that  the  velocity  of  the  wave  dimin- 
ishes with  its  advance,  all  the  data  become  accordant     Thus: 
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200  lbs.  of  dynamite  give  for  1  mile,  8780  ft.  per  second. 

u      ((     cc  u  u       (c     K     u      5280  ^'     *'  ^ 

60,000    **     "  "  "      "    8     **      8300  "     "  " 

«  U       cc  cc  cc         cc    13^    cc         5300    cc       u  u 

In  fine,  I  believe  that  the  following  general  conclusions  are 
suggested  by  these  measurements:  1st,  A  high  magnifying 
power  of  telescope  is  essential  in  seismometric  observations. 
2d,  The  more  violent  the  initial  shock  the  higher  is  the  veloc- 
ity of  transmission.  8d,  This  velocity  diminishes  as  the  gen- 
eral wave  advances.  4tb,  The  movements  of  the  earth's  crust 
are  complex,  consisting  of  many  short  waves  first  increasing 
and  then  decreasing  in  amplitude;  and,  with  a  detonating  explo- 
sive, the  interval  between  the  first  wave  and  the  maximum  wave, 
at  any  station,  is  shorter  than  with  a  slow-burning  explosive. 

A  summary  of  the  objections  suggested  by  Mr.  Mallet  to 
the  Wil let's  roint  observations  will  now  be  given  ;  although, 
in  the  new  light  thrown  upon  the  subject  by  these  subsequent 
measurements,  perhaps  he  might  not  desire  to  press  them. 

Mr.  Mallet  considers  that  the  explosion  at  Hallet's  Point 
furnished  data  ill  suited  to  determine  the  delicate  pliysical 
problem  of  the  rate  of  progression  of  a  wave  of  disturbance 
through  the  earth's  crust,  for  the  reason  thai  the  initial  impulse 
was  due  to  the  combined  eficct  of  many  small  charges,  ana  not 
of  one  single  mass  of  dynamite ;  hence,  as  he  states  : 

**  I  conceive  it,  therefore,  impossible  with  sufficient  exacti- 
tude to  assign  the  instant  at  which  the  wave  of  shock  started 
in  this  instance ;  and  to  assume  the  appearance  of  disturbed 
water  above  the  seat  of  explosion,  or  tne  shock  felt  from  the 
ground  closely  adjacent  to  it,  as  marking  that  instant  seems  to 
me,  in  either  choice,  to  neglect  many  sources  of  error." 

Being  unable  to  read  my  paper  personally,  he  has  not  fully 
understood  the  manner  in  which  the  instant  of  the  starting  of 
the  wave  was  fixed.  The  great  mine  was  fired  by  a  mechan- 
ical drop,  which  closed  simultaneously  all  the  twenty- three  elec- 
trical circuits.  One  extra  pin  and  mercury  cup  in  tnis  drop  was 
provided  by  General  Newton  for  my  use,  and  the  signal  was 
thus  automatically  sent  over  the  telegraph  line  to  the  several 
stations.  Human  judgment  had  no  part  to  perform.  The 
absolute  instant  of  closing  the  battery  circuits  was  electrically 
recorded  on  all  the  register  papers.  It  is  impossible  that  this 
could  have  followed  the  explosion ;  and  if  it  preceded  it,  by 
a  diflferential  of  time,  the  effect  upon  the  records  would  be  to 
indicate  loo  slow  and  not  too  fast  a  rate,  and  thus  to  bring  my 
results  more  nearly  into  accordance  with  those  of  Mr.  Mallet. 

Mr.  Mallet  next  argues  that  the  discrepancies  of  the  four 
records  among  themselves  invalidate  their  accuracy.  I  have 
just  shown  how  these  apparent  discrepancies  are  explained  bj 
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the  later  observatioDS  at  Willet's  Point;  and  have  thus  an- 
swered this  argument  which,  when  the  results  were  first  col- 
lated, suggested  itself  to  my  own  mind. 

Mr.  Mallet  next  mentions  certain  objections  that  show  him 
not  quite  to  understand  the  geography  and  geology  of  the 
r^oQ  separating  Hallet's  Point  from  the  four  stations ;  which,, 
in  the  absence  of  a  map  to  illustrate  the  paper,  is  very  natural. 
The  straight  line  to  Wulet's  Point  follows  the  shore  and  waters 
of  East  Biver,  offering  both  a  land  and  water  route  to  the 
wave  of  disturbance.  The  other  three  stations  lie  in  the  in- 
terior of  Lon^  Island,  with  no  water  between  them  and  Hallet's 
Point  The  intermediate  country  consists  of  low  rolling  hills 
formed  of  deposits  of  the  clay,  sand  and  boulders  characteristic 
of  drift,  the  geological  formation  to  which  they  belong.  The 
stations  were  carefully  selected  to  detect,  if  possible,  what  in- 
fluence is  exerted  upon  the  rate  by  intermediate  sheets  of 
water ;  and  the  fact  that  the  wave  reached  Willet's  Point  with 
a  higher  velocity  than  the  inland  stations  is,  perhaps,  confirma- 
tory of  the  idea  that  water  is  a  better  conductor  than  land. 

Mr.  Mallet  refers,  as  causes  of  uncertainty,  to  three  sets  of 
waves  generated :  (1)  by  the  explosion,  (2)  by  the  fall  of  the 
rock,  (8)  by  the  fiiU  of  the  water ;  and  also  to  the  wave-difi^u- 
sion  experienced  in  traversing  long  distances.  He  argues, 
therefrom,  that  the  distances  were  too  great  for  satisfactory 
obeervationa  Now  the  records  show  both  the  beginning  and 
end  of  the  mercury  vibration,  as  well  as  the  automatic  signal 
sent  by  the  explosion.  The  first  and  last  determine  the  veloc- 
ity of  the  advanced  wave,  which  is  that  given  in  the  table ; 
the  second  and  last  approximately  fix  the  time  of  arnval  of  the 
last  wave,  and  enable  its  velocity  to  be  roughly  estimated. 
The  physical  phenomena  following  so  exceptionally  large  an 
initial  shock  are  thus  made  a  matter  of  record.  As  to  the  ele- 
ment of  distance,  it  seems  to  me  that  the  reduced  probable 
error  in  the  measurement  of  the  time  of  transit,  should  give 
the  preference  to  long  over  short  routes,  when  the  velocity  is 
so  high  as  that  under  consideration. 

As  to  the  precision  with  which  these  distances  were  deter- 
mined, Mr.  Mallet  expresses  doubt;  but  since  they  depend 
upon  the  exact  triangulation  of  the  Coast  Survey,  supplemented 
by  careful  railroad  surveys,  no  scientific  man  who  is  familiar 
with  the  geodesy  of  this  region  will  hesitate  for  an  instant  to 
give  them  full  credence.  The  probable  error  due  to  length  of 
route,  as  compared  with  that  due  to  any  possible  measurement 
of  so  short  a  time,  is  practically  zero. 

Mr.  Mallet  suggests  that  a  measurement  of  the  personal  equa- 
tion of  the  observers  should  have  been  made.  This  was  not 
done,  because  Absolute,  not  differential  times  were  to  be  ob- 
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served ;  and  do  absolute  personal  equation  machine  was  avail- 
able. The  officers  were  trained  observers ;  and  their  distances 
from  Hallet's  Point  were  so  considerable,  that  a  small  personal 
equation  would  probably  exert  no  material  influence  on  the 
relative  velocity  over  the  different  routes. 
.  In  fine,  my  own  opinion  is  that  in  this,  as  in  all  physical 
investigations,  the  more  thoroughly  the  ground  is  covereil  the 
greater  i^ill  be  the  number  of  important  facts  developed  ;  and 
that  complex  rather  than  simple  phenomena  should  be  expected. 
It  is  Quite  impossible  to  ascribe  the  discrepancy  between  Mr. 
Mallet  s  results  and  those  here  described  to  inaccuracy  of  obser- 
vation. Differences  in  the  material  traversed  by  the  waves,  and 
in  the  method  of  observing,  may  possibly  explain  them.  If 
Mr.  Mallet's  health  will  permit  him  to  publish  the  details  of  his 
mode  of  observing,  ana  to  give  the  whole  subject  a  general 
discussion,  the  paper  will  certainly  find  interested  readers. 

WiUet'8  Point,  N.  Y.  Harbor,  Jan.  14,  1878. 


Art.  XXIir. — On  Systems  of  Chemical  Notation.  Letter  of  M. 
Berthelot  to  M.  Marignac*  (from  the  Moniteur  Scientifique 
of  December,  1877). 

Allow  me,  in  the  first  place,  to  correct  the  opinions  con- 
cerning the  teaching  of  chemistry  in  France,  which  I  find  ex- 
tressed  in  your  article,  and  which  have  been  propagated,  per- 
aps  intentionally,  in  foreign  countries.  There  is  no  regula- 
tion which  makes  it  obligatory  on  professors  of  the  Faculties  to 
adopt  any  particular  notation,  and,  as  a  matter  of  fact,  both 
notations,  by  equivalents  and  by  atoms,  are  about  equally  rep- 
resented in  our  lectures.  At  the  Sorbonne,  MM.  Wiirtz  and 
Friedel  have  adopted  the  system  of  atoms;  the  CJollege  of 
France  presented  last  year  a  professor  who  uses  the  atomic 
notation  ;  I  was  commissioned  to  make  the  report  to  the  Min- 
ister, who  gave  his  approval  and  made  the  nomination.  In 
examinations  both  notations  are  equally  accepted,  and,  if  any 
pressure  exists  on  the  candidates,  it  is  exerted  by  the  partisans 
of  atoms  rather  than  by  the  others.  Officially,  thereiore,  per- 
fect freedom  exists  on  this  question.  If  the  atomic  notation 
has  not  been  generally  accepted  in  France,  it  is  because  it  has 
not  succeeded,  so  far,  in  obtaining  the  good  opinion  of  the 
majority  of  scientists;  but,  notwithstanding,  imputations  have 
not  been  spared  that  the  partisans  of  e>:][uivalent8  are  animated 
with  a  retrograde  spirit 

*  An  answer  to  the  paper  in  Moniteur  Scientifique,  September,  1877.    (See  this 
Journal)  February,  1878,  p.  89. 
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Allow  me,  in  the  next  place,  to  point  out  some  observations 
on  the  fundamental  part  of  the  question  under  discussion.  It 
presented  itself  before  the  Paris  Academy  of  Sciences  under 
two  beads :  the  system  of  atoms,  and  the  language  or  notation 
of  atomic  weights.  You  were  right  in  separatmg  these  two 
things.  I  had  tried  to  do  the  same  thing,  but  with  less  dis- 
tinctness, in  my  last  work,  On  Chemical  ISynthesis^  in  which  I 
explained  the  system  very  fully,  but  without  adopting  it,  and  I 
said  that  the  notation  by  atoms  possesses  certain  advantages,  but 
also  some  disadvantages.  The  discussion  recently  raised  could 
not,  in  the  nature  of  things,  assume  this  methodical  form;  but 
I  believe  that  I  kept  about  the  same  ground,  as  I  always  said 
that  the  two  languages  expressed  the  same  ideas  in  the  same 
way,  in  most  cases,  except  tnat  special  advantages  belonged  to 
each  system  of  notation.  Your  conclusions  seem  to  be  about 
the  same  as  mine. 

The  definition  of  equivalents,  which  you  accuse  me  of  not 
giving,  was  nevertheless  presented  during  the  discussion,  and  I 
will  take  the  liberty  of  reproducing  it:  "Equivalents  express, 
in  my  opinion,  the  ratios  of  weight  according  to  which  bodies 
combine  or  substitute  themselves  for  one  another."  These 
ratios  may  be  determined  by  the  balance  with  infinitely  greater 

Precision  than  can  be  ascribed  to  most  physical  laws.  As, 
owever,  experience  proves  that  bodies  combine  according  to 
several  proportions,  which  are  multiples  of  one  another,  it  fol- 
lows that  equivalents  themselves  are  only  determined  within 
an  approximation  of  a  multiple  of  a  certain  unity,  precisely  as 
axes  are  determined  in  crystallography.  The  choice  of  the 
unity  belonging  to  each  body  is  therefore  somewhat  arbitrary. 
It  may  be  determined  from  purely  chemical  considerations, 
which  are  never  wanting,  by  taking  the  weight  which  agrees  the 
best  with  the  general  reactions  of  the  body,  which  affords  the 
simplest  form,  and  that  which  conforms  the  best  with  analogies. 
These  analogies  are  generally  expressed  by  precise  rules 
which  are  founded  on  the  reciprocal  substitution  of  metals  and 
metalloids,  the  formation  of  oxides  and  acids,  and  their  recip- 
rocal combinations,  and  the  multiple  proportions  according  to 
which  elements  combine.  In  only  one  case,  that  of  alumina, 
have  we  had  to  appeal  to  more  delicate  analogies,  drawn  from 
the  existence  of  a  remarkable  class  of  double  salts,  which  have 
been  corroborated  by  the  general  resemblance  of  the  salts  of  this 
base  with  those  of  the  sesquioxides.  It  is  only  in  a  subordinate 
way,  and  for  the  purpose  of  giving  greater  precision  to  chemi- 
cal analogies,  which  are  often  somewhat  vague,  that  physical 
properties  have  been  introduced,  such  as  the  gaseous  density, 
the  specific  heat,  the  crystalline  form,  the  molecular  volume  in 
the  solid  state,  etc. 
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The  part  which  physical  properties  are  to  play  in  the  deter- 
mination of  equivalents,  and  tne  relative  importance  of  these 
properties  seem  to  me  to  constitute  the  only  aifference  between 
your  views  and  mine.  If  it  was  possible  to  make  equivalents 
agree  exactly  with  gaseous  densities,  as  the  old  atomic  school  had 
hoped  to  accomplish,  the  numbers  obtained  would  probably  be 
adopted  by  all  cnemists.  This  has  happened  in  organic  chemis- 
try,  in  which  the  same  equivalent  weights  are  accepted  by  every 
body.  Unfortunately,  however,  this  concordance  does  not  exist 
in  mineral  chemistry,  whence  the  attempt  of  the  new  school  to 
establish  atomic  weights  by  means  of  specific  heata  But  I  per- 
sist in  the  opinion,  although  I  am  sorry  to  find  that  it  is  op- 
posed to  yours,  that  this  base  has  not  sufficient  theoretical  solia- 
ity  when  it  is  in  contradiction  with  the  gaseous  densities.  The 
specific  heats  of  simple  gases,  which  obey  the  laws  of  Mariotte 
and  of  Gay  Lussac  (an  obedience  which  is  expressed  by  the 
constancy  of  their  gaseous  densities),  are  necessarily  the  same 
under  the  same  volume,  because  the  specific  heat  measures  the 
work  accomplished  in  fulfilling  these  laws.  If  the  specific 
heats  of  the  elements  in  the  solid  state  do  not  observe  the  same 
ratios  as  in  the  gaseous  state,  it  is  for  one  of  the  two  following 
reasons,  either  the  specific  heats  of  the  solid  elements  change 
unequally  with  the  temperature,  as  I  believe  is  the  case,  or  two 
gaseous  molecules  are  united  in  one  solid  molecule,  as  the  atom- 
ists  suppose.  In  either  case,  it  seems  to  me  that  the  specific 
heats  or  solids  must  be  put  aside  in  the  determination  of  abso- 
lute equivalents.* 

I  insist  the  more  on  this  point  that  the  new  equivalents,  if 
we  attribute  to  this  word  the  extensive  meaning  that  you 
rightly  give  to  it,  introduce  an  undeniable  complication  in 
chemical  reactions.  In  your  classical  researches  on  the  specific 
heats  of  saline  solution  you  found  yourself  obliged  to  aouble 
the  atomic  weights  of  hydrochloric  and  of  nitric  acid  and  of 
their  salts,  with  the  object  of  expressing  with  greater  clearness 
the  analogies  and  parallelism  of  their  properties.     You  wrote: 

H'Cr;  Na'Cr;  N'O',  H*0;  N*0»,  K*0, 

and  in  the  same  manner  you  were  led  to  double  acetic  acid  and 
the  acetates : 

C*H«0»,  H*0  ;  C*H*0*,  K«0. 

The  same  necessity  has  been  felt  by  all  those  who  have  had 
to  express  the  equivalent  ratios  of  acids,  of  water  and  of  bases, 

*  I  cannot  accept  your  opinion  on  the  absolute  value  of  the  law  of  Woestyn  in 
the  calculation  of  the  specific  heats  of  solid  compounds.  Yon  know  very  well 
that  M.  Kopp,  who  went  to  the  bottom  of  this  question  in  1864,  found  himself 
obliged,  in  verifying  this  relation,  to  attribute  to  the  solid  elements  in  their  com- 
bination specific  heats  varying  from  6*4  (silver,  chlorine,  nitrogen),  down  to  4 
(oxygen),  2*3  (hydrogen),  and  1*8  (carbon). 
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as  may  be  seen  in  the  remarkable  papers  of  Mr.  Thompson  on 
Thermo-chemistry,  and  even  in  the  new  edition  of  Graeiin,  now 
publishing  in  Oermanj  (see,  among  other  things,  iodic  acid 
I»0»,  H»0). 

The  agreement  of  the  numbers  adopted  by  the  partisans  of 
atomic  weights  is  then  more  apparent  than  real 

But  I  have  no  wish  to  prolong  this  controversy,  particularly, 
as,  between  us,  the  only  question  is  as  to  ascribing  one  value  or 
another  to  the  unity,  of  which  the  various  equivalents  of  the 
same  bod^  are  multiples.  If  we  confine  the  question  within 
these  limits,  it  certainly  does  not  present  the  excessive  impor- 
tance which  has  been  ascribed  to  it  for  the  last  twenty  years. 
The  new  atomic  school  has  not,  it  appears  to  me,  justified  its 
pretension  of  changing  the  very  base  of  chemical  doctrines, 
and  of  founding  a  new  chemistry^  essentially  different  from  the 
old.  The  only  thing  it  has  done  has  been  to  intermix  the 
meshes  of  its  hypotheses  with  our  demonstrated  laws,  and  this 
to  the  great  detriment  of  the  teaching  of  positive  science.  I 
believe  that  it  would  be  advisable,  in  the  future,  to  set  aside  all 
these  systems,  and  to  turn  the  minds  of  young  scientists  towards 
the  really  new  views  offered  by  molecular  mechanics,  which 
promise  such  rich  harvests  of  mscoveries. 

Benseval-enr-Divee  (CalyadosX  Aiigost  10th,  1877. 

Answer  of  M.  Marignac. 

I  cannot  but  esteem  myself  very  happy  that  the  remarks  which 
I  recently  presented  in  the  Moniieur  tScientiJique  on  systems  of 
chemical  notations  have  given  rise  to  the  interesting  article 
which  precedes.     I  would  like,  however,  to  add  a  few  remarks. 

I  found  this  fault  with  chemical  equivalents,  that  they  are 
not  susceptible  of  a  precise  and  general  definition.  M.  Berthe- 
lot,  while  opposing  this  doctrine,  seems  to  me  to  confirm  it,  as 
he  was  obliged  to  give  a  double  definition.  Sometimes  these 
equivalents  represent  the  ratios  according  to  which  bodies  sub- 
stitute themselves  to  one  another;  this  is  certainly  a  precise 
conception,  which  I  have  called  true  chemical  equivalence,  but  it 
can  only  be  applied  to  restricted  cases.  At  other  times,  they 
are  the  ratios  according  to  which  bodies  combine,  or  rather  one 
of  the  ratios,  which  are  multiples  of  one  another,  according  to 
which  combinations  take  place;  in  this  case,  the  question  of 
equivalence  remains  undetermined  and  more  or  less  arbitrary. 
Besides,  we  may  add  that  it  is  not  always  easy  to  see  why  one  or 
the  other  of  these  definitions  can  be  applied  to  the  equivalent  of 
a  body.  For  instance,  aluminium,  compared  to  the  metals  which 
are  most  nearly  relat-ed  to  it,  those  of  the  earths  and  alkaline 
earths,  has  a  perfectly  determinate  value  of  substitution,  and 
still  this  is  not  the  value  that  has  been  chosen  for  its  equivalent 
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A3  M.  Bertbelot  himself  observes,  we  onlj  differ  in  the  opin- 
ion that  each  of  us  has  formed  on  the  part  and  relatiye  im- 
Sortance  which  are  to  be  ascribed  to  physical  properties  in  the 
etermination  of  eqaivalents.  I  may  possibly  have  an  exag- 
gerated idea  of  the  importance  of  these  properties.  Bat  does 
not  M.  Berthelot,  on  his  side,  labor  under  a  delasion  when  he 
thinks  that  chemical  considerations  alone  are  a  sufficient  guide 
to  a  chemist  in  this  determination ;  is  he  not  under  the  influ- 
ence, which  he  has  often  discovered  in  his  opponents,  of  a  state 
of  mind  in  which  things  seem  very  natural  because  we  are 
accustomed  to  accept  them?  If  the  equivalent  adopted  for 
aluminium  was  not  confirmed  by  the  specific  heat  of  this  metal, 
by  the  vapor  density  of  its  chloride,  and  by  numerous  consid- 
erations of  isomorphism,  is  he  very  sure  that  we  would  not  hes- 
itate between  the  formulas  Al'O'  and  AlO  for  alumina? 
What  would  make  us  suppose  that  hesitation  would  be  permis- 
sible is  the  great  number  of  bodies  in  which  the  determination 
of  the  equivalent  has  remained  doubtful  as  long  as  physical 
properties  have  not  served  as  guides,  such,  for  instance,  as  in 
silicon,  zirconium,  glucinum,  and  the  numerous  group  of  the 
metals  of  cerite  and  gadolinita  The  only  thing  I  ask  is  to 
allow  the  same  importance  to  physical  properties  in  the  case  oi 
bodies  which  occur  with  frequency. 

M.  Berthelot  finds  fault  with  me  for  being  in  apparent  con- 
tradiction with  myself,  because  in  my  researches  on  the  specific 
heats  of  saline  solutions,  I  doubled  the  molecular  weights  of 
some  compounds,  to  better  express  the  parallelism  of  the  prop- 
erties of  some  compound  groups.  It  is  true  that,  in  comparing 
with  one  another  the  salts  of  the  same  acid,  it  has  seemed  to 
me  more  natural  to  refer  their  properties  to  equivalent  quanti- 
ties, or  to  quantities  containing  always  the  same  proportion  of 
acid.  But  if  this  has  led  me  to  group  together  two  molecules 
of  an  alkaline  chloride  or  nitrate,  I  was  obliged,  for  the  same 
reason,  when  taking  the  specific  heats  of  sulphate  of  alumina  or 
of  alkaline  phosphates  to  take,  as  unities  of  the  weights  of  these 
salts,  quantities  which  are  really  equivalent  of  other  bodies, 
but  which  only  represent  fractions  or  the  admitted  equivalents 
of  these  bodies.  Notwithstanding,  M.  Berthelot  does  not  con- 
clude that  this  is  a  proof  that  alumina  should  be  written  AlO 
and  phosphoric  acid  PhOf,  and  that  the  equivalents  of  alumin- 
ium and  phosphorus  should  be  modified  accordingly. 

It  may  sometimes  be  interesting  to  compare  certain  proper- 
ties of  bodies  by  referring  them  to  chemically  equivalent 
weights,  in  cases  where  these  correspond  neither  to  molecular 
weights  nor  to  the  eouivalents  usually  adopted,  but  we  cannot 
.conclude  from  this  tnat  those  weights  ought  to  be  adopted  as 
symbols  of  notations. 
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Apart  from  all  these  things,  I  agree  with  M.  Berthelot  that  it 
is  not  advisable  to  exaggerate  the  importance  of  these  ques- 
tions, the  solation  of  which  cannot  affect  the  important  laws 
and  theories  of  chemistry,  and  about  which  we  can  only  reach 
a  conclusion  when  we  have  arrived  at  more  complete  knowl- 
edge of  the  molecular  constitution  of  compound  bodies.  This 
constitution  itself  will  be  doubtless  revealed  to  us  by  researches 
on  molecnlar  mechanics,  such  as  those  on  Thermochemistry, 
through  which  this  eminent  scientist  aids  so  powerfully  the 
advancement  of  science. 


Abt.  XXrV. — On  some  Reactions  of  Silver  Chloride  and  Bro- 
mide; by  M.  Carey  Lba,  Philadelphia. 

In  the  course  of  some  examinations  made  several  years  since 
on  the  reaction  of  silver  bromide  and  iodide,  I  concluded  that 
the  dark  substances  produced  by  the  action  of  light  on  these 
bodies  are  resolved  by  nitric  acid  into  metallic  silver  which 
dissolves,  and  ordinary  silver  bromide  and  iodide,  which  re- 
main. Since  then  I  have  met  with  a  paper  by  Von  Bibra  on 
the  reaction  of  silver  chloride,  in  which  that  chemist  found 
that  darkened  silver  chloride  was  not  attacked  by  nitric  acid. 
My  previous  examination  had  not  included  the  chloride,  and 
the  remarkable  difference  thus  indicated,  led  me  to  return  to 
the  subject  I  found  my  own  previous  results  entirely  con- 
firmed as  also  Von  Bibra's : — at  least  so  far  that  only  by  the 
long  continued  action  of  nitric  acid  was  there  any  decomposition 
of  the  darkened  chloride,  and  even  then,  traces  only  of  silver 
were  taken  up  by  the  acid. 

It  therefore  appears  that  the  substance  produced  by  the  action 
of  light  on  silver  chloride  is  of  a  much  more  permanent  char- 
acter than  in  the  case  of  the  other  silver  haloids.  Some  other 
reactions  noted  in  the  course  of  the  examinations  which  appear 
not  devoid  of  interest,  are  given  below. 

Silver  Chloride. 

Our  knowledge  of  the  nature  of  the  substances  produced  by 
the  action  of  light  on  the  silver  haloids  is  very  limited,  owing 
to  the  fact  that  although  the  coloration  is  very  intense,  yet  the 
portion  of  material  acted  upon  is  very  small.  Also  because 
we  have  no  means  of  removing  from  the  mixture  the  unaltered 
haloid,  except  by  agents  that  at  the  same  time  attack  the 
altered  substance,  and  completely  change  its  character. 

As  to  the  first  point — the  small  proportion  of  material  actually 
altered  bv  light  It  is  generally  thought  that  silver  chloride  is 
reduced  by  tne  action  of  light  to  a  sub-chloride  containing  half 
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as  much  chlorine  as  the  normal  white  chloride.  Yet  the  loss  of 
chlorine  has  been  found  too  small  to  be  weighed.  Fresenins 
doubts  if  a  loss  in  weight  could  be  detected  by  the  most  delicate 
balance,  and  Yon  Bibra  in  the  investigation  above  referred  to, 
could  not  find  the  slightest  loss  in  weight 

With  a  view  to  obtain  some  quantitative  indication  in  the 
matter,  the  following  determination  was  made. 

Silver  chloride  was  precipitated  with  an  excess  of  hydro- 
chloric acid,  was  well  washed,  and  exposed  to  bright  sunliffbt 
for  five  day&  During  this  time  it  was  spread  in  a  very  thin 
layer  over  the  bottom  of  a  large  white  porcelain  basin,  was  fre- 
quently stirred  up  to  bring  constantly  new  surfaces  to  the 
light,  and  was  kept  moistened  with  water. 

Of  the  resulting  dark  powder  two  grams  were  taken  and 
were  thoroughly  treated  with  sodium  hyposulphite  to  remove 
the  unaltered  chloride.  Previous  experience  had  shown  that 
extraordinary  precautions  were  necessary  to  eflfect  this  thor- 
oughly, as  the  removal  of  the  last  portions  of  normal  silver 
chloride  is  very  difficult  Accordingly  the  strong  solution  of 
hyposulphite  was  many  times  renewed,  each  time  being  left  to 
act  for  from  twelve  to  twenty-four  hour&  Finally  the  gray 
residue  (metallic  silver)  was  washed,  dried  and  weighed,  and 
found  to  amount  to  twenty -one  milligrams. 

It  thus  appears  that  as  the  result  of  five  days^  action  of 
strong  sunshine,  with  frequent  stirring  up  and  mixing  to  bring 
fresh  portions  to  the  light,  about  one  per  cent  only  of  the  silver 
chloride  was  acted  upon.  And  if  we  suppose  this  action  to  con- 
sist in  removing  one-half  the  chlorine,  then  the  whole  loss  in 
weight  by  the  action  of  the  light  should  be  but  little  over  one- 
tenth  of  one  per  cent  This  proj)ortion  is  of  course  not  inap- 
preciable, ana  the  observations  of  Fresenius  and  of  Y  Bibra 
above  quoted  must  be  taken  as  referring  to  shorter  exposures. 

It  was  mentioned  that  another  difficulty  in  verifying  the 
nature  of  the  action  of  light  lay  in  the  fact  that  those  sub- 
stances which  can  be  used  for  dissolving  out  the  unaltered 
chloride,  also  unfortunately  attack  the  altered  substance. 

The  two  reagents  most  effectual  for  this  removal  are  sodium 
hyposulphite,  and  liquid  ammonia.  That  they  also  alter  the 
blackened  portion  is  at  once  evident  from  the  fact  that  the  res- 
idue which  they  leave  behind  instantly  dissolves  in  cold  nitric 
acid  of  sp.  gr.  1*28  with  evolution  of  red  fumes,  and  is  in  &ct, 
well  known  to  be  metallic  silver,  whereas  before  the  applicatioD 
of  these  reagents,  cold  nitric  acid  has  no  effect,  and  even  with 
boiling  acid,  applied  for  a  long  period  only  very  slight  decom- 
position ensues.* 

*  The  facts  here  mentiooed  lead  to  the  carious  reflection  that  the  peimaiieBCj  of 
ordinary  photog^phic  prints  is  greatly  diminished  by  the  fixing  ptocesa.  For  in 
this  fixing  process  which  consists  in  immersion  into  solution  oi  sodium  hyposnl- 
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When  cold  nitric  acid,  sp.  gr.  1*28,  is  poured  over  a  quantity 
of  the  darkened  chloride  (precipitated  with  excess  of  UCl)  and 
left  to  remain  for  a  time  in  contact,  this  acid  acquires  no  silver 
reaction  whatever.  It  is  therefore  certain  that  by  the  action  of 
light  on  silver  chloride  (precipitated  in  presence  of  excess  HCI) 
no  metallic  silver  is  reduced.  And  as  this  black  substance  is 
quickly  whitened  by  aqua  regia,  it  is  reasonable  to  conclude 
that  the  dark  matter  contain  less  chlorine  than  the  normal, 
and  is  either  a  subchloride  or  an  oxychloride.  Beyond  this, 
we  know  nothing  with  certainty. 

When  the  dark  substance  was  boiled  for  several  minutes 
with  the  same  nitric  acid,  no  silver  was  extracted.  But  when 
the  vessel  was  placed  on  a  sand  bath  and  kept  at  or  near  boiling 
point  foe  eighteen  hours,  renewing  the  acid  as  it  escaped,  a  dis- 
tinct eftect  was  produced.  The  substance  became  a  little  lighter 
in  color,  and  the  acid  was  found  to  have  taken  up  enough  sil- 
ver to  show  a  strong  opalescence  by  addition  of  nydrocnioric 
acid ;  not  enough  however  to  give  an  immediate  precipitate. 

Ammonia  and  sodium  hvposulphite  have  this  in  common, 
that  both  leave  metallic  silver  behind  when  the  darkened 
chloride  is  submitted  to  their  action.  In  the  case  of  the  sodium 
salt,  it  is  of  course  understood  that  it  is  presented  in  strong 
solution  and  very  large  excess. 

JSilver  Bromide, 

Silv.er  bromide  was  precipitated  with  excess  of  KBr  and 
well  washed,  and  exposed  to  light. 

When  cold  nitric  acid,  sp.  cr.  1*28,  was  allowed  to  stand  for 
one  minute  over  the  darkened  bromide  it  took  up  silver  abun- 
dantly. Allowed  to  act  for  an  hour  at  a  heat  considerably  be- 
low 212**  the  color  of  the  darkened  bromide  had  considerably 
changed  and  at  the  end  of  seven  or  eight  hours,  complete  decom- 
position had  taken  place.  The  resulting  AgBr  is  lemon  yellow 
and  has  more  the  general  appearance  of  iodide  than  of  bromide. 

Philadelphia,  Jan.,  1878. 

phite,  an  exceedingly  stable  Bubstanoe  which  almost  completely  resists  the  action 
of  boiling  nitric  acid  is  reduced  to  metaUic  silver,  in  the  condition  of  a  thin  layer 
of  almost  infinitesimally  fine  particles,  and  in  that  condition  not  well  able  to  re- 
sist external  influences.  To  a  considerable  extent  this  di£Bculty  is  obviated  by  a 
partial  substitution  of  gold  for  the  metallic  silver. 

The  use  of  a  fixing  treatment  can  of  course  never  be  dispensed  with,  as  it  is 
essential  to  remove  ttie  unaltered  chloride.  But  it  is  evident  that  if  a  substance 
ooold  be  found  which  would  remove  the  unaltered  chloride  only,  without  attack- 
ing that  which  has  been  darkened  by  light,  a  great  advantage  would  probably  be 
gained  The  gold  treatment  could  he  dispensed  with,  Uie  printing  could  be 
stopped  when  the  right  strength  was  obtained,  without  being  carried  further  to 
allow  for  the  weakening  eifect  of  the  fixing  agent,  and  the  print  obtained  would 
probably  be  always  perfectly  permanent  - 

The  fiact  that  both  sodium  hyposulphite  and  ammonia  in  removing  the  unaltered 
diloride.  reduce  the  altered  to  metallic  silver,  explains  why  the  gold  toning  opera- 
tion succeeds  much  better  when  applied  after  the  fixing  operation,  than  l^fore  it. 
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Art.  XXV. — On  Journal  Friction  at  Low  Speeds;  by  A.  S 
Kimball,  Professor  of  Physics  in  the  Worcester  Free  In- 
stitute. 

In  the  Proceedings  of  the  Royal  Society,  March  27, 1877,  is 

Eablished  a  paper  by  Professor  Fleming  Jenkin,  on  "Friction 
etween  Surmces  moving  at  Low  Speeds,"  in  which  he  estab- 
lishes, by  a  series  of  very  delicate  experiments,  conclusions  at 
which  the  writer  had  previously  arrived  by  a  somewhat  diflfer- 
ent  course  [see  this  Journal,  March,  1876j.  Professor  Jenkin 
remarks,  that  in  one  case  examined  near  the  lowers  limit  of 
velocity,  "  there  was  a  slight  and  somewhat  uncertain  change 
of  the  opposite  character,  that  is,  a  decrease  of  frictipn  as  the 
velocity  decreased,"  and  that  "this  case  however,  would  re- 
quire further  examination."  This  phenomenon  had  been 
noticed  in  our  laboratory,  and  an  article  had  been  written  [see 
this  Journal,  May,  1877]  embodying  the  results  of  our  obser- 
vations. 

The  eflfect  of  changes  in  velocity  upon  the  coefficient  of 
friction  is  not  an  insignificant  quantity,  but  has  a  sufficient 
magnitude  to  give  it  practical  importance,  in  some  cases  at  least 
It  therefore  gives  toe  writer  great  pleasure  to  be  able  to 
quote  the  experiments  of  so  able  an  investigator,  as  confirming 
his  conclusions,  which  are  briefly  these:  The  co€»fficient  of 
friction,  at  very  low  velocities,  is  small,  it  increases  rapidly  at 
first,  then  more  gradually  as  the  velocity  increases,  until  at  a 
certain  rate,  which  depends  upon  the  nature  of  the  surfaces  id 
contact  and  the  intensity  of  the  pressure,  a  maximum  coeflB- 
cient,  is  reached.  As  the  velocity  increases  beyond  this  point 
the  coefficient  decreases. 

Later  experiments  have  shown,  what  in  fact  might  have 
been  inferred,  that  from  its  maximum,  the  coefficient  decreases 
toward  a  constant  value.  The  apparatus  used  in  this  series  of 
experiments  consisted  of — 1st  A  pair  of  cone  pulleys  giving 
six  changes  of  speed,  driven  by  a  shaft  from  tne  work  shop 
2d.  A  rope  transmission  dynamometer,  capable  of  indicating 
changes  equal  to  one  per  cent  of  the  largest,  or  five  per  cent  of 
the  smallest  power  transmitted.  8d.  An  experimental  shaft 
with  a  pulley  by  which  it  was  driven.  The  journals  on  this 
shaft  were  seven-eighths  of  an  inch  in  diameter;  they  revolved 
in  cast  iron  boxes  three  and  one-half  inches  long,  truly  bored 
and  polished.  A  thin  cut  was  planed  from  the  upper  half  of 
each  box,  so  that  when  resting  upon  its  journals  it  was  not 
quite  in  contact  with  the  lower  half.  Above  each  box  was  a 
lever  of  the  second  class,  by  means  of  which  it  was  possible  to 
apply  any  desired  pressure  to  the  revolving  journals.     The 
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coarse  of  the  experiment  is  obvious.  The  experimeDtal  shaft, 
loaded  with  a  known  weight,  was  driven  at  different  speeds,  the 
reoaired  power  noted,  and  the  coefficient  of  friction  calculated. 
The  results  of  seven  series  of  experiments  are  shown  in  the 
following  table,  in  which  the  first  column  shows  the  velocity  of 
the  circumference  of  the  journal  in  feet  per  minute,  the  seven 
followinj?  columns  giving  the  corresponding  coefficients  of  fric- 
tion. Since  it  was  found  impossible  to  maintain  the  same  state 
of  lubrication  for  any  great  length  of  time,  every  series  which 
could  not  be  completeil  in  one  half  day  was  left  unfinished. 

Tablb  L 


V. 

a. 

b. 

C 

d. 

e. 

/• 

^• 

•69' 

•186 

•180 

•187 

•174 

•170 

•127 

•138 

2-17 

•163 

•160 

•148 

•181 

•129 

•114 

•109 

6^15 

•122 

•128 

•122 

•080 

•080 

•097 

•083 

1099 

•089 

•086 

•069 

•067 

•080 

•060 

ri-71 

•068 

•068 

•066 

•062 

•053 

42-86 

•068 

•060 

•046 

•041 

In  spite  of  the  irregularities  to  be  seen  in  this  table,  the  law 
as  stated  above  is  clearly  shown.  Some  of  the  discrepancies 
are  doubtless  due  to  variations  in  the  state  of  lubrication  of  the 
journals.  The  pressure  on  the  lower  boxes  in  series  a,  «,  d  and 
e,  was  180  pounds ;  in  series  i,  /and  a,  210  pounds.  In  a,  6, 
e,  d  and  e,  the  journals  were  lubricatea  by  wiping  them  with  a 
handful  of  waste  saturated  with  sperm  oil.  In  /  and  g,  as 
'much  oil  was  poured  through  the  oil  holes  as  the  ooxes  would 
hold.  To  assist  the  reader  in  forming  an  idea  of  the  value  of 
the  average  results  in  Table  I,  Table  II  is  given,  which  con- 
tains the  separate  readings  from  which  series  c  was  computed. 
Eight  readings  were  made  at  each  speed.  The  readings  are  the 
differences  in  tension  of  the  two  parts  of  the  belt  driving  the 
experimental  shaft: 

Tablk  IL 
Speeds, 


in 
lbs. 


•w 

2-17' 

615' 

10-99' 

19^71' 

42-86' 

r6-6 

4-3 

3-6 

2-6 

2-0 

2^0 

6^4 

4^2 

8^6 

2^6 

1-9 

19 

6^a 

43 

3*6 

2-6 

1^9 

1-9 

J  6-4 
'   6-4 

44 

3-5 

2-6 

21 

1-9 

4-2 

3-6 

2-4 

1-9 

2-0 

56 

4-3 

3Ti 

2-3 

2-0 

2  0 

5-4 

4-3 

8-6 

2-5 

2^0 

20 

u-^ 

43 

3-6 

2^6 

19 

19 

6-41 

4*28 

3-55 

2-47 

1^96 

1^96 

,     -187 

•148 

•122 

•086 

•068 

•068 

Averages, 
Coefficient 

The  variation  in  observations  taken  at  the  same  speeds,    is 
nearly  identical  in  every  series  with  that  shown  in  Table  II. 

A«.  JoiTK.  Soi.— Thibd  Skxiu,  Vol.  XV,  No.  87.-  Mabor.  1>^, 
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1 

i( 

2. 

2 

it 

3,  etc. 

5 

(C 

6. 

6 

(( 

5,  etc. 

2 

(i 

1. 

1 

u 

6. 
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In  order  to  eliminate  as  far  as  possible  gradaal  chanTCs  in 
the  condition  of  the  rubbing  surfaces,  the  following  oroer  of 
observation  was  adopted  in  each  series.  Calling  the  slowest 
speed  No.  1,  four  observations  were  made  alternating 

between  Nog.  6  and  1. 
Four        " 

C(  (( 

ii  u 

U  ii 

a  a 

About  1,000  separate  experiments  were  made  under  condi- 
tions of  lubrication,  and  pressure  upon  the  journals,  purposely 
varied,  so  that  the  average  result  should  represent  us  nearly  as 
possible  ordinary  shop  practica  Speeds  as  nigh  as  100  feet  (or 
440  revolutions  of  the  experimental  shaft)  per  minute  were 
employed.  The  results  though  not  so  uniform  as  those  at 
lower  speeds  were  decisive.  The  most  probable  values  of  the 
coefficient  as  shown  by  a  graphical  construction  of  all  these  ex- 
periments Lb  shown  in 

Table  IIL 

Speed,  1'      3'     5'     7'    10'    16'   20'    80'    40'    60'    80'   100' 

Coefficient,  160  -122  -104  -093  -079  -066  -068  -054  -063  -062  -061  -060 

Thus  we  see  that  the  conditions  under  which  journal  friction 
usually  occurs  are  such  that  the  maximum  coefficient  will  be 
found  at  a  very  low  speed.  While  using  a  journal  6"  in  diam- 
eter with  a  load  of  only  ten  lbs.,  a  reduction  was  made  in 
the  speed  till  the  maximum  coefficient  (in  this  case  *27)  was 
passea,  after  which  the  coefficient  diminished  very  quickly  to 
one-third  of  its  maximum  value.  In  the  case  of  leather  sliding 
on  iron  or  wood  where  the  intensity  of  the  pressure  is  not 

treat  the  coefficient  will  usually  increase  with  the  velocity. 
Ixamples  of  this  will  be  found  in  the  leather  packings  of  hy- 
draulic engines  and  in  the  slipping  of  belts  upon  pulleys. 

It  is  usually  assumed  that  the  coefficient  of  friction  is  con- 
stant for  all  weights,  not  so  light  that  the  influence  of  adhesion 
is  great  in  comparison,  or  on  the  other  hand  so  great  as  to  pro- 
duce abrasion.  An  experimental  examination  of  this  point 
gave  the  results  recorded  in  Table  IV.  Each  coefficient  is  a 
mean  derived  from  several  observations,  and  though  the  results 
of  experiments  with  constant  weights  were  very  uniform,  it 
was  found  that  the  weights  could  not  be  changed  without  dis- 
turbing slightly  the  adjustment  of  the  machina  These  results 
seem  to  indicate  that  the  coefficient  of  friction  decreases  slightly 
as  the  specific  pressure  on  the  journal  increases  even  when  the 
pressures  are  quite  large. 
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Tablb  IV. 

Pressares  are  given  in  pounds  on  a  square  inch  of  longitudinal 
journal  section. 

P.               CoeftB  at  '69^  per  min.  Ooef tB  at  317'  per  min. 

23-6               -164               -169  -186               "ISO 

86-8               -157               -166  "136               -130 

50-1                149               '147  -119               -124 

63-4              -149               153  -117              '127 

76-7               -163               -152  '108               -126 

90-0               -161               -160  -109               -123 

103-3               -156               -160  -111               -127 

116-6               -149               -146  113                124 

129-9               -147               •146  '112               -123 

143-2               -145               -146  -113                121 

166-5              -147              -147  -113              -124 

169-8               -146               '146  -112                121 

183-1               -146               -148  -109               -124 

196-4               -144               -146  111                126 

The  larger  part  of  the  experiments  referred  to  were  made  by- 
Mr.  Desper,  a  student  of  the  Institute,  whose  patience  and  care 
deserve  especial  mention. 


Art.  XXVI. — Observations  of  the  Brightness  of  the  Satellites  of 

Uranus. 

[Commimicatod  by  Bear- Admiral  John  Bodgere,  n.8.N.,  Superintendent  U.  8. 

Nayal  Obaervatory.J 

The  following  notes  on  the  brightness  of  these  bodies  have 
been  made  during  the  regular  series  of  measures  for  position. 
They  are  printed  in  order  that  they  may  be  of  service  to  any 
astronomer  who  may  undertake  an  exact  photometric  deter- 
mination of  their  brightness.  The  observations  were  made 
with  the  xxvi-inch  telescope  with  powers  of  600-900  diameters. 
The  observers  were  H  (Hall)  and  hn  (Holden). 

It  was  surmised  by  Professor  Newcomb  that  the  brightness 
of  Ariel  varied  in  different  parts  of  its  orbit  (Wash.  Ast  Obs. 
1874,  Appendix  I,  p.  43,)  and  that  it  was  least  bright  in 
j[>=180^di  during  1874. 

There  have  been  observed  in  1874-6-6-7  nineteen  position 
angles  of  Ariel:  of  these,  seven  were  180°di,  and  twelve 
were  0®=t. 

A  better  test  is  the  following:  on  fifteen  nights  this  satellite 
was  bright  enough  to  allow  of  measures  of  distance  On  six  of 
these  fifteen  nignts  the  position  was  180^  =b,  and  on  nine  the 
position  was  0°db.  It  would  seem,  therefore,  to  be  more  easily 
observed  in  one  half  of  its  orbit  than  in  the  other,  so.  far  as  this 
evidence  goes. 
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Dr.  EL  C.  Yogel  has  suggested  that  Titania  also  is  of  varying 
brightness  in  difierentparts  of  the  orbit  Early  attention  was 
given  to  this  point  The  following  extracts  from  the  observing 
books  may  be  of  use,  when  an  exact  photometric  determination 
comes  to  be  made.  The  weight  indicates  the  steadiness  of  the 
images,  five  being  perfectly  steady.  The  positions  given  are  to 
the  nearest  degree  m  p  and  nearest  second  in  s. 

1875.  Jan.  26.    Titania ;  />=260^,  «=19".     Wt  4     Titania  is 

fainter  than  I  have  ever  seen  it — hn. 
1875.  March  4.     Four  stars  visible  besides  Oberon  and  TiUmiat. 

Oberofiy  />  =  274*'  #=26' 

TUania,  jp=l84*  ssi   86' 

Star  1,  J9  =  350**^:  s  =   80'± 

Star  2,  J9=   20**±  <=100'± 

SUr3,  jpsiao^'db  rf=180'± 

Star  4,  jp=    db^'tki  <  =  200'± 

Order  of  brightness ;  4, 1,  8,  2 ;  and  2  somewhat  brighter  than 
Titania.— HN. 

1875.Mav25.     Ofcron ;  ;)=280^  »=81". 

lilania:  j:>=2r,  ^=80". 
Oberon  very  faint  [and  therefore  as  nothing  is  said  of  bright- 
ness of  Titania]^    Tuania  brighter  than  Oberon  at  same  dis- 
tancfi;.-^-~H 
1876.  Jan.  14     Obtron:   p=lV,  «=28")  w»-o 

!Dt(ania:  p=48°,  8=27"  j        ~ 
Titania  tnacb  brighter  than  Oberon.     Moonh^bt^ — ferir. 
1»76.  Jan.  20.     Oberon:  p=82l'',  s=27" )  -ar^-o 

Titania:  p^lSQ",  «=84"f  ""-'*• 
Measures  of  Oberon  quite  difficult  [and  of  Titania  not  so.] — hk. 
187«.  Jan.  26.     Oberon:  p=181°,  8=rU"  )  -nri-o 

7tton«a.jo=362'',  «=8l"  f  "'*~'^- 
Oberon  easier  t*)  see  [brighter]  than  Tifania, — HN. 
1876.  Jan.  26.     JXtania  in  p=810°,  »=16".     Wt  5. 
This  is  about  the  smallest  distance  at  which  Titania  has  been 

1876.  Jan.  81.     Titania:  p=76^  ^=17"  )  ^.     ^ 

Ariel:     />=29°,  ^=12"  f  ^^""^• 

Titania  is  at  least  twice  as  bright  as  ArieL  Titania  is 
decidedly  brighter  than  the  satellite  of  Neptune.  It  is  easier 
to  see  (under  these  conditions,  Wt=5J  within  18''  of  Uranus, 
than  the  satellite  of  Neptune  within  16    of  Neptune. — HN. 

1876.  Feb.  2.     Oberon:  j»=88b^  5=88")  w*-.a 

Titania :  p^  7°,     «= 84"  \  ^  ^~*- 

After  careful  examination  with  800  A  and  400  A,  I  cannot 
decide  which  is  brighter,  Oberon  or  Tftania^  but  if  there  is  any 
difference,  Titania  w  the  brighter. *-HN. 
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1876.  Feb.  18.     Oberon:  ;>=228^«=80")  Wf-A 

Tetania:  ;>=44^   5=24"  j   ^^~r 
Titanta  brighter  than  Oberon  but  not  very  much  so. — HN. 
1876.  F5).  20.     Star  near  Uranus;  ;)=89^  5=27".    Wt=l. 
This  star  is  about  the  brightness  of  Oberon   and  Titanta. 
[For  Oberon  p=276''dt\  for  Titanta  p-=lWdt].— EN. 

1876.    March    3.     Two    stars   near  Uranus,    both  slight! j 
brighter  than  Oberon.    Star  1,  ;)=280°,  5=60" )  ^.:^^^^ 

Star  2,  ;)=(),        5=60"  f  ^^*°^^^^- 
Not  much  difference  in  the  brightness  of  Oberon  and  Titania. 
[For  OSerou  p=286^db,  for  rite/i^ajp=268^d=]. 
Umbriel:  />=23^  5=20")  Wf-Q 
^w/;     p=178%  5=18"  J  ^^~"^- 

Umbriel  is  more  steadily  seen  than  ArteZ  but  not  much  more  so« 

Then  reduced  aperture  to  fifteen  inchea     Umbriel  was  cer- 

tainly  seen  and  its  position  could  have  been  measured.     Ariel 

was  not  certainly  seen.     Sky  hazy.     Bright  moonlight — hn. 

187&  Mar.  4.     Ariel:  0=11**,  5=18".     Moonlight  and  haza 

Ariel  is  quite  as  bright  as  last  night  in  jp=l80^±:  under 

better  circumstances. 

Oberon:  p=198^  5=44")  Wf-A 
Thtanui:  i^=177^  5=82"  f  ^^''*- 
TUania  is  brighter  than  Oberon  although  not  much  so. — HN. 
1876.  March  9.     Oberon :     jp=57^  5=27" )  Wf-Q 

TUania :  jj=840^  5=26"  f  ^  ^"*^- 
Titania  is  decidedly  brighter  than  Oberon. — H. 
1876.  March  18.     Oberon:  2>=847^  5=88")  Wf-o 

rifanta;;)  =  170^5=80"f  ^^~^- 
Oberon  is  brighter  than  Titania. — H. 
1876.  March  14.     Ariel:  p=28°,        5=14"  ] 

J7m&n^/;;>=176^5=19"    (w*-o 
Titania:  p=126^  5=18"  f^^-^- 
Oberon:    Jt>=8l8^  5=27"  J 
Ariel  a  little  brighter  than    Umbriel.      Titania   very  faint. 
Oberon  brighter  than  Titania. — H. 
1876.  March  22.     Obrron:    ;>=78^  5=23  " )  xxr.     « 

7^Yan^a.•D=161^5=26"J   ^^""^ 
Titania  much  brighter  than  Oberon. — ^H. 
1876.  March  28.     Ofefron;     />=42%  5=83"  I  Wf-Q 

Titania :  2>=106^  5=  16"  J   ^  '^~^- 
Oberon  brighter  than  Tetania. — H. 
1876.  March  31      Oberon  :  o=198°,  5=43" )  Wf-o 

Ti'tanm :  p=152^  5=24"  ]  ^  ^""^• 
Oberon  brighter  than  Titania. — H. 

It  is  not  desirable  to  draw  any  conclusions  from  these  obser- 
vations as  yet.  They  are  here  recorded  as  likely  to  be  of  ser- 
vice in  photometric  observations,  and  they  will  be  continued 
as  occasion  offers. 
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Art.  XXVII. — A  new  method  for  the  decomposition  of  Chromic 

Iron ;  by  Edgar  F.  Smith. 

Recently  I  was  led  to  try  the  action  of  bromine  and  sodiam 
hydrate  upon  pulverized  cnromic  iron,  and  as  the  amount  of 
chromium  extracted  in  this  manner  was  rather  surprising,  the 
following  experiments  were  made,  to  ascertain  what  effect  bro- 
mine alone  would  have  upon  the  same  substance. 

L  Moderately  fine  chromic  iron  ('1600  grams)  was  placed  in 
a  tube  of  hard  glass  and  after  adding  dilute  bromine  water  and 
sealing  the  tube,  the  latter  was  placed  in  an  air-bath  and  heated 
for  twelve  hours  at  a  temperature  about  180°  C.  When  cool 
the  tube  was  opened  and  its  contents  poured  upon  a  filter. 
The  insoluble  residue  was  thoroughly  washed  by  decantation, 
and  upon  the  filter,  with  hot  water.  The  filtrate  after  concen- 
tration was  treated  with  a  slight  excess  of  ammonium  hydrate, 
causing  the  precipitation  of  aluminum  hydrate,  etc.  The  lat- 
ter was  filtered  off  and  the  yellow-colored  filtrate  then  warmed 
with  hydrogen  sulphide  to  reduce  the  chromic  acid  to  oxide. 
The  precipitate  formed,  after  protracted  digestion,  was  allowed 
to  settle  and  the  clear  li(juid  nltered.  After  washing,  the  pre- 
cipitate was  dissolved  m  a  few  drops  of  dilute  hydrochloric 
acid  and  re-precipitated.  This  operation  was  repeated  and  the 
precipitate  finally  transferred  to  a  filter,  washed,  dried  and 
Ignited.  The  amount  of  chromic  oxide  found  corresponded  to 
15*50  per  cent  of  the  substance  taken. 

The  amount  of  chromium  still  remaining  in  the  unattacked 
material  was  not  estimated. 

II.  '2000  grams  substance,  as  finely  pulverized  as  could  be 
obtained  by  grinding  the  material  in  an  agate  mortar,  were 
heated  in  a  sealed  tube  with  water  saturated  with  bromine  and 
a  few  drops  of  bromine.  The  tube  remained  in  the  oven  four 
days,  the  temperature  ranging  from  175^-190**  C.  Upon  open- 
ing the  tube  its  contents  were  poured  into  a  beaker  and  evapo- 
rated ;  water  added  and  the  solution  filtered.  The  residual, 
unattacked  mineral  powder  after  washing,  drying  and  igniting, 
weighed  '0820  grams.  The  filtrate  from  this  was  treated  pre- 
cisely as  in  (I)  and  the  chromic  oxide  obtained  from  it 
amounted  to  2805  per  cent. 

III.  In  this  experiment  only  1500  grams  substance  were 
employed.  The  material  was  of  the  same  finenesses  in  (II). 
Instead  of  using  dilute  bromine  water  as  heretofore  an  excess 
of  bromine  was  poured  over  the  substance  and  but  a  very 
small  quantity  of  water  added.  For  three  days  the  tube  was 
exposed  to  a  temperature  varying  from  150^-175°  C  At  the 
expiration  of  this  time  the  tube  was  examined,  and  as  the  sub- 
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stance  appeared  to  be  perfectly  decomposed,  the  solution  was 
removea  from  the  tube  and  evaporated  in  a  beaker  to  expel 
the  large  excess  of  bromine,  upon  the  gradual  disappearance  of 
which  a  dark  powder  showed  itself.  The  solution  was  strongly 
diluted  with  water  and  filtered.  The  insoluble  residue  was 
thoroughly  washed  with  hot  water.  Dried  and  ignited,  this 
weighed  *0140  grams. 

The  filtrate  was  mixed  with  an  excess  of  ammonium  hydrate 
and  evaporated  almost  to  dryness  in  a  casserole.  The  solution 
was  then  diluted  with  water  and  filtered  from  the  aluminum 
hydrate,  etc.,  and  treated  as  in  (I).  The  percentage  of  chromic 
oxide  extracted  equaled  49*60  per  cent 

rV.  From  the  preceding  experiments  it  appeared  very  evi- 
dent, that  all  that  was  lacking  to  render  the  decomposition 
complete  was  to  have  the  chromic  iron  in  an  exceedingly  fine 
coniiition.  To  this  end  the  material  that  had  been  ground  to 
an  impalpable  powder  in  an  agate  mortar  was  elutriated,  then 
dried  and  two  distinct  portions  of  *1500  grams  each  placed  in 
good  hard  glass  tubes.  To  each  portion  was  added  a  rather 
large  quantity  of  bromine  water  ana  from  ten  to  twelve  drops 
of  bromine.  Both  tubes  were  heated  for  one  day  at  180®  C. 
For  two  successive  days  the  temperature  was  maintained  at 
170®  C.  At  the  expiration  of  the  thinl  day,  one  of  the  tubes 
was  removed  from  the  oven  and  opened.  Red  oxide  of  iron 
had  separated  and  undecomposed  material  was  no  longer  visi- 
ble. The  whole  was  poured  into  a  beaker  and  evaporated, 
water  added  and  filtered.  The  residue  was  thoroughly  washed, 
dried  and  ignited,  then  transferred  to  a  beaker  and  heated  with 
dilute  hydrochloric  acid.  The  entire  mass  dissolved  readily 
and  without  a  residue.  The  decomposition  was,  therefore, 
complete. 

The  filtrate  from  the  iron  oxide  was  evaporated  almost  to 
dryness  after  the  addition  of  an  excess  of  ammonium  hydrate, 
then  diluted  and  filtered.  The  solution  was  reduced  with 
hydrogen  sulphide  and  the  precipitate,  after  filtering  and  wash- 
ing, dissolved  in  dilute  hydrochloric  acid  and  re-precipitated 
with  ammonium  hydrata  This  operation  was  repeated  and 
the  chromium  oxide  obtained  was  62*66  per  cent. 

The  second  tube,  removed  not  long  after  the  first,  contained 
a  large  amount  of  separated  ferric  oxide.  This  after  filtering 
off  the  chromium  solution  also  dissolved  very  readily  in  warm, 
dilate  hydrochloric  acid,  leaving  not  the  least  trace  of  rej^idue. 
The  filtrate  from  this,  after  being  similarly  treated  as  above, 
yielded  62*83  chromium  oxide. 

These  results  accord  with  those  of  Garrett,  who  analyzed  the 
same  ore  from  Texas,  Pa.,  and  obtained  about  68  per  cent 
chromic  oxide. 


200  E,  R  Wilson — New  genera  of  Pycnogonida. 

The  ferric  oxide  that  separates  out  in  the  tube  during  the 
decomposition  will  not  contain  any  chromium,  if  it  is  thor- 
ougly  washed  with  hot  water.  In  no  instance  was  iron  found 
in  the  solution  containing  the  chromic  acid. 

Several  tubes  containing  the  pulverized  substance,  potassium 
hydrate  and  bromine  water  were  heated  at  125®  C,  but  invaria- 
bly exploded  before  the  decomposition  was  completed,  and 
therefore  no  farther  attempts  were  made  to  use  tne  alkali  to 
aid  in  the  decomposition. 

All  that  is  necessary  to  effect  the  complete  decomposition  of 
chromic  iron  by  this  method  is  that  the  substance  oe  exceed- 
ingly fine  and  that  the  same  be  exposed  with  bromine  to  a 
temperature  of  180®  C.  from  two  to  tBree  days.  The  addition 
of  ten  to  twelve  drops  bromine  hastens  the  decomposition  very 
decidedly. 

In  connection  with  the  above  it  may  be  well  to  mention  that 
the  insoluble  chromic  oxide  obtained  by  the  ignition  of  the 
corresponding  hydrate,  may  be  brought  into  solution  again  by 
digesting  it  with  bromine  and  sodium  hydrate  in  a  beaker. 
Labonitoiy  of  the  Uniyertity  of  PeiuBylvaiiiA,  Dec.  SS,  1877. 


Akt.  XXVIIL — Descriptions  of  two  new  genera  of  Pycnogonida ; 
by  E.  B.  Wilson.  Brief  Contributions  to  Zoology  from  the 
Museum  of  Tale  College.     No.  XXXVII. 

AnoplodactyluSy  (nov.  gen.) 

Body  slender.  Rostrum  cylindrical^  rounded.  Antennae  tliree- 
jointed^  chelate.  Palpi  wanting.  Ovigerous  legs  six-joiiitedj  want- 
ing in  the  male.  Neck  elongated^  extending  forward  over  the  ros- 
trum.    Legs  nine-jointed.     Dactylus  without  auxiliary  claws. 

•  This  genus  differs  from  Phoxichilidiumy  which  it  otherwise 
closely  resembles,  in  the  number  of  articulations  composing 
the  ovigerous  l^s.  and  in  the  absence  of  auxiliary  claws  upon 
the  dactylus.  These  claws,  though  compai-atively  small  in 
Phox'chiiidiumj  are  very  large  In  certain  genera  (e.  g.  Pallene 
Johnst.)  They  are  movably  articulated  to  the  dactylus  and 
furnished  with  a  special  set  of  muscles  by  means  of  which  they 
are  moved. 

To  this  genus  should  be  referred  Ki-dyer's  Phoxichilidium 
petiolatum  (Voy.  en  Scand.,  Laponie,  etc.,  PI.  88,  fig.  8)  and 
probably  also  the  Phoxichilidium  virescens  of  Hodge. 

Anoplodactylus  lentus  (sp.  nov). 

Phoxichilidium  maxillare  Smith,  in  Rep.  on  the  Invertebrates 
of  Vineyard  Sound,  p.  250,  PI.  vii,  fig.  35, 1874  {non  Stimpson). 
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Ocalifcrons  Begment  broad,  as  long  as  the  two  following  seg- 
ments taken  togetber,  not  emarginate  between  the  bases  of  the 
antennn.  Neck  swollen.  Posterior  segment  of  body  Terr 
slender.  Abdomen  rather  more  than  twice  as  long  as  broad, 
slightly  bifid  at  the  extremity. 

Oeuliferoua  tubercle  prominent,  acute,  placed  on  the  antenor 
portioD  of  the  first  segment  Eyea  four,  orate,  varying  in 
color  from  light  brown  to  binck. 

Roatrum  very  large,  longer  than  the  oculiferous  s^ment,  con- 
stricted at  base,  tUas  appearing  somewhat  clavate.  The  extrem- 
ity is  sabglobose. 

Aniitnnie  hairy,  long  and  slender,  tbeir  bases  closely  approxi- 
DUted.  Basal  joint  extending  beyond  extremity  of  rostrum. 
Chela  stoat,  hairy.    Dactylus  very  stout,  smooth  on  margin. 

Ovigeroua  Ugs  stout,  roughened  by 
minute  tubercles,  the  outer  joints  with 
many  strong  hairs,  most  of  which  are  di- 
rected backward.   The  two  basal  joints  I 
are  very  thick;  the  first  is  shorter  than  I 
its  width,  the  second  about  twice  the  I 
drat     The  succeeding  joints  are  much  [ 
more  slender.     The  third  is  nearly  two 
and  a  half  the  second,  somewhat  cla- 
vate, and  suddenly  constricted  a  short  I 
distance  from  the  base.     Fourtb  joint  I 
half  the  third.     Fifth  considerably  less  I 
than    fourth.      Terminal  joint   much  I 
smaller  than  the  preceding.  ^  i.—A«o^odactviiu 

Lege  very  long  and  slender.  First  ".Tmimmdiointaofieg;  *,«- 
and  third  joints  very  short,  the  secofld  igeroug  eg. 
considerably  longer  and  clavate.  Tlie  three  following  joints 
are  much  longer,  the  sixth  being  the  longest.  The  .seventh 
or  tarsal  joint  is  very  short  and  deeply  emarginate  exteriorly. 
Eighth  joint  (propodus)  curved,  with  a  rounded  lobe  near  the 
Iiase,  which  bears  five  or  six  strong  spines.  Exterior  to  these 
is  a  series  of  much  smaller  stout  spines.  The  dactylus  la  stout, 
about  two-thirds  as  long  as  the  propodus.  The  whole  surface 
of  the  body  is  scabrous.  The  legs  bear  a  few  scattered  hairs, 
which  are  more  numerous  on  the  outer  joints. 

The  genital  orifices  are  situated  on  the  lower  side  of  the 
second  joint  of  the  legs,  near  the  external  margin.  The  sexes 
resemble  each  other  closely  except  in  the  absence,  in  the  male, 
of  the  origerous  legs.  The  males  are  also,  as  a  rule,  slightly 
latter  than  the  females.  "It  is  most  frequently  deep  purple 
in  color,  but  gray  and  brown  specimens  are  often  met  with." 
(VerrHl). 

This  species  is  common  in  Vineyard  Sound,  but  does  not 
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occur  northward.  It  resembles  the  ^^  PhtxcichHidium"  pdio- 
latum  of  Krdyer,  which  has,  however,  according  to  the  6gures, 
the  anterior  segment  much  more  slender  and  emarginate  be- 
tween the  bases  of  the  antennae  which  are  thus  separated  by  a 
distinct  interval,  the  posterior  segment  is  represented  as 
stouter  and  shorter,  the  proboscis  more  abbreviated,  and  the 
propodous  of  a  different  shape.  Krciyer  figures  the  ovigerous 
legs  with  seven  joints,  probably  mistaking  the  constriction 
near  the  base  of  the  third  joint  for  an  articulation. 

Length  of  body  in  largest  specimens  (inclusive  of  rostrum 
and  abdomen),  7  millimeters.     Legs,  80  millimeters. 

JPseudopcUlenej  (gen.  nov.). 

Body  robust.  Neck  broad  and  thick.  Rostrum  more  or  less 
acute,  Antennce  three-jointed^  chelate.  Palpi  wanting,  Oviger- 
ous legs  composed  of  eleven  joints.  Legs  nine-jointed,  Dactylus 
wUhont  auxiliary  claws. 

This  genus  has  not  hitherto  been  distinguished  from  Palkne^ 
and  this  has  led  to  some  confusion  in  the  diagnosis  of  that  genus. 

In  PaUene^  as  described  by  Johnston  (Mag.  Zool.  and  Bot, 
vol.  1,  p.  880),  the  ovigerous  legs  are  nine-jointed,  the  neck  is 
constricted  and  more  or  less  elongated  as  in  Nymphon,  the 
rostrum  is  very  short  and  nearly  hemispherical,  and  the  dacty- 
lus is  armed  with  two  very  large  auxiliary  claws.  A  Pallene^ 
to  be  hereafter  described,  collected  by  Prof.  S.  L  Smith  at 
Wood's  Holl,  Mass.,  agrees  in  all  these  points  with  Johnston's 
P,  brevirostris.  The  three  species :  Pallene  spinipes,  P,  intermedia 
and  P,  discoidea  figured  in  Gaimard's  Voy.  en  Scand.,  Laponie, 
etc.,  do  not  belong  to  the  Pallene  of  Johnston,  but  snould 
probably  be  referred  to  P^udopallene.  Having  seen  no  speci- 
mens of  these  species,  I  have  been  unable  to  verify  this. 

PseudopaUene  hispida, 

Pallene  hisphla  Stimpson,  Inv.  of  Grand  Menan,  p.  87,  1863. 

Of  this  species  there  is  but  a  single  female  specimen  in  the 
collection  of  the  Peabody  Museum,  dredged  by  the  United  States 
Fish  Commission  in  Johnson's  Bay,  near  Eastport,  Maine,  in  12 
fathoms  rocky  bottom.  Stimpson  records  it  from  deep  water  ofif 
Grand  Menan,  **on  Asndice  calloftce.'^  His  description  being  in- 
complete in  several  particulars,  a  full  description  is  here  given. 

Body  very  broad,  oval,  neck  not  constricted.  Oculiferous 
tuburcle  small,  rounded.  Eyes  four,  ovate,  light  brown. 
Oculiferous  segment  half  as  long  as  the  body.  Second  and 
third  segments  with  tliree  prominent  tubercles  above,  each  of 
which  is  tipped  by  a  hair.  The  lateral  thoracic  processes  are 
very  broad  and  am  not  separated  by  any  interval ;  the}'  bear 
on  the  outer  margin  two  to  four  spine-like,  hairy  tubercles. 
Abdomen  twice  as  long  as  broad,  truncate,  hairy. 
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as  long  as  ocaliferoua  segment,  with  a  constriction 
oo  each  aide  below,  giving  it  the  appearance  of  being  nrticu- 
Ixted  at  this  point,  acute-conical,  with  a  rosette  of  filamentary 
processes  around  the  terminal  mouth. 

AnUnnce  hairy,  stout  and  swollen,  about  twice  as  long  as  the 
roetrum,  tipped  with  amber  color.  Basal  joints  enlarged  near 
dieir  attachment  The  second  joint  has  a  prominent  rounded 
tubercle  on  the  lower  end,  behind  which  the  dactylus  closes. 

Ovigerous  legs  slender,  eleven- 
jointed,  terminal  joint  claw-like, 
trifiH,  Fifth  joint  somewhat  da- 
vate,  considerably  smaller  than  I 
the  fourth.  The  four  outer  joinb^ 
are  armed  with  three  or  four  stout, 
smooth,  curved  spines. 

Legs  very  stout,  the  three  basal 
joint8Bhort,overlappingeacb  other 
in  an  imbricated  manner.  Fourth 
joint  as  long  as  the  three  basal 
joints  taken  together,  much  dis- 
tended by  the  ovaries  in  the  speci-  L 
men  described.  Fifth,  as  long,  as  Ky.  2.— A««toy»(fcn*  hupida. 
the  fourth  but  much  more  slender.  ».  Terminal  jolnti  of  leg;  6,  ovig^ 
Sixth,  longer  and  more  slender.  wmW;  ^»™u-i  Jomt 
Seventh  (tarsus)  very  short,  nearly  triangular.  Eighth  slightly 
curved,  armed  with  five  or  six  spines  on  the  inner  (concave) 
margin.  Dactylns  slender,  curved,  acute,  without  accessory 
claws,  about  two-thirds  as  long  as  the  preceding;  joint 

All  of  the  legs  bear  more  or  fewer  prominent,  conical,  spiny 
tubercles.  These  are  arranged  in  longitudinal  rows  on  some 
of  the  joints,  particularly  on  the  fifth  and  sixth,  which  appear 
deeply  serrate  on  the  external  margin.  The  entire  surface  of 
the  Dodj  is  rough,  and  more  or  less  hairy. 

Oenital  orifices  small,  on  the  second  joint  of  thf  legs. 

Length  (inclusive  of  rostrum  and  abdomen)  3  millimeters, 
L^B,  7*5  millimetera     Ovigerous  legs,  3*7  millimeters. 


Abt.  XXIX. — Tantalitu  from  Coosa  County,  Alalxima,  its  mode 
o^  occurrence  and  composition ;  by  J.  LawrekCE  Smitu, 
Louisville,  Ky. 

While  columbite  ha.**  been  long  known  from  a  number  of 
localities  in  the  United  States  and  at  some  of  them  it  is  found 
ic  great  abundance,  the  related  mineral  tantnlite  has  never 
been  identified,  until  recently  I  proved  the  fact  of  its  occurrence 
in   Alabama.     Professor  Konig  has  described  (Proc.  Acad. 
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Nat  Sci.  Philadelphia,  1876)  a  mineral  which  be  considered  to 
be  tantalite  from  Yancey  County,  North  Carolina.  There  must 
however  have  been  some  mistake  about  the  matter,  for  he  states 
the  specific  gravity  of  the  mineral  to  be  5'807.  If  this  deter- 
mination was  given  correctly  this  could  not  have  been  tantalite. 
I  have  found  columbite  from  the  North  Carolina  localities  with 
specific  gravities  from  5'6  to  6*8,  varying  according  to  the 
amount  of  tantalic  acid  present  with  the  columbic  acid.  There 
is  no  instance  that  I  know  of  where  tantalite  has  as  low  a  spe- 
cific gravity  as  7. 

I  am  indebted  to  Professor  Eugene  Smith,  State  Geologist  of 
Alabama,  for  the  specimen  of  tantalite  that  first  came  under 
my  observation ;  he  suspected  it  to  be  tantalite  and  sent  it  to 
me  &>r  verification;  he  oad  obtained  the  specimen  from  Judge 
Bentlyi  to  whom  we  owe  what  we  know  about  the  manner  of 
its  occurrence. 

It  is  found  in  Coosa  County,  Alabama,  detached  from  any 
rook,  lying  loose  with  ''  bowlders "  (as  Judge  Bentley  calls 
them)  of  granite  more  or  less  disintegrated.  As,  however,  this 
region  belongs  to  the  older  series  of  rocks  (Professor  Eugene 
Smith  has  not  yet  explored  it)  these  blocks  of  granite  are  doubt- 
less not  bowlders,  but  detached  masses,  weather  worn.  They  are 
found  both  under  and  on  the  surface  for  miles,  running  north- 
east and  southwest  Across  these  in  a  direction  northwest  and 
southeast  runs  a  ridge  filled  with  quartz  and  flint  rocks  and  at 
the  intersection  of  the  two,  over  about  an  acre  of  surfacCi  some 
fifty  8f>ecimens  of  tantalite  have  been  collected,  from  the  size 
of  a  pea  to  a  lump  one  and  a  quarter  pounds  in  weight 

Chnracter  of  specimens, — They  are  irregular  masses,  without 
the  slightest  indication  of  crystalline  form,  just  such  pieces  as  I 
have  obtained  from  the  locality  at  Limoges ;  they  are  more  or 
less  rounded,  with  a  ready  cleavage  in  one  dii-ection ;  the  speci- 
mens although  long  exposed,  have  undergone  but  little  altera- 
tion, as  indicated  by  examination  made  on  several  specimens. 
The  specific  gravity  varied  from  7'305  to  7401. 

On  analysis  it  was  found  to  consist  of : 

Tantalic  acid, 79*65  ) 

Tungstic     "     1 '  10  V  81*62  metalic  acids. 

Stannic       "     -87) 

Manganese  protoxide, 3'72 

Iron  "         13-51 

Copper  oxide, '89 

99-74 

The  tantalic  acid  contains  very  little  columbic  acid. 

Judging  from  the  discoveries  already  made,  and  the  large 
size  of  some  of  the  pieces  of  tantalite,  we  may  expect  some 
important  results  from  the  future  explorations  in  Alabama. 
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Art.  XXX. — On  Amylidenamine  Silver  Nitrate;  by  W.  G. 
MiXTiCR.  Gmiributions  from  the  Sheffield  Laboratory  of  Yale 
Collet^  Na  XXX. 

Strecker  (Liebig^s  Ann.,  cxxx,  p.  220)  states  that  silver 
nitrate  prodaces  in  alcoholic  solutions  of  valeralainmonia,  a 
white  precipitate,  which  slowly  turns  black  in  the  cold,  but  he 
says  nothing  as  to  the  composition  of  the  substance.  I  have 
obtained  what  is  doubtless  the  same  compound  by  the  spour 
taneous  evaporation  of  alcoholic  ammonia  solutions  of  valeral- 
ammonia  to  which  an  excess  of  silver  nitrate  had  been  added. 
The  valeral  was  made  from  rectified  commercial  fusel  oil  by 
Parkinson's  process.  Tt  did  not  give  a  constant  boiling  point 
DiflEerent  portions  of  it  were  treated  with  dilute  ammonia 
water  and  the  crystalline  vaJeralammonia  was  washed  on  the 
pump  with  water.  The  product  used  for  the  first  series  of 
analyses  Was  made  by  dissolving  ten  grams  silver  nitrate  in 
100  c.  c.  strong  ammonia  water  and  an  equal  volume  of  alcohol 
and  then  adding  thirty  grams  of  hvdrous  valeralammonia,  from 
valeral  boiling  96^-105  .  Considerable  oil  separated  which 
was  dissolved  by  adding  alcohol.  The  solution  was  exposed 
in  a  wide  dish  to  the  air  until  crystals  ceased  to  form.  The 
crystalline  product  was  washed  firat  with  alcohol  then  with 
water,  with  alcohol  again  and  finally  with  ether.  It  weighed, 
after  drying  over  oil  of  vitriol,  about  six  grams.  The  material 
for  the  second  series  of  analyses  was  from  thirty-four  grams 
hydrous  valeralammonia  dissolved  in  175  c  c.  alcohol  and  9*5 
grams  silver  nitrate  previously  dissolved  in  25  c.  c.  concentrated 
ammonia  water.  1  he  crystals  from  this  solution  were  washed 
as  above  described.  The  product  weighed  12"5  grams.  The 
filtrates  in  both  experiments  gave  no  more  crystals  until  am- 
monio  nitrate  of  silver  separated,  but  gave  a  dark  oil  and  some 
reduced  silver.  The  carbon  and  hydrogen  were  determined  by 
means  of  lead  chromate,  the  nitrogen  hy  SchifTs  method  and 
the  silver  by  ignition. 

Calculated  for 
let  Series.  2d  Series.        0,sH,,N40,Ag. 

Carbon 4211  4226  42-35 

Hydrogen 7*89  7*90  7*76 

Nitrogen 13-24  1318  1318 

Silver 2526  25-19  25-41 

Oxygen [11-50]  [11-47]  11*30 

100-00  100-00  100-00 

The  equation  8(C,H, ,0NH3)-hAgN0,=C,,H,,N,0,Ag 
+8H,0  doubtless  represent*  the  formation  of  the  substance 
in  question.     It  is  not  possible  to  give  a  gravimetric  proof  on 
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account  of  some  decomposition  which  occurs  during  the  evapo- 
ration. The  compound  dissolves  with  but  partial  separation 
of  silver  in  boiling  water.  The  clear  aqueous  solution  evapo- 
rated on  a  water  bath  leaves  a  slight  black  residue  and  a  very 
soluble  crystalline  mass,  which  contains  silver,  reacts  for  am- 
monia and  gives  red  fumes  when  heated  with  oil  of  vitriol.  Bv 
distilling  with  ammonia  water  crystals  are  obtained  in  the  distil- 
late which  reduce  silver.  Hot  dilute  acids  decompose  it  with 
the  separation  of  an  oil  which  has  the  odor  of  valeral,  and  hot 
oil  of  vitriol  evolves  nitrous  fumes  from  it  The  reactions 
show  that  the  substance  contains  the  amyliden,  ammonio  and 
nitro  groups  and  that  it  is  an  amine  analogous  to  Rose's 
8NH,AgN0„  thus: 

H3N)  C,H,o=NH) 

H3N  [  AgN03  C,H,,=NH  f  AgNO, 

The  name  amylidenamine  silver  nitrate  is  perhaps  the  best 
that  can  be  given  to  the  substance  until  more  is  known  of  its 
constitution.  If  the  corresponding  ammonio  compound  be 
regarded  as  diammonium-argentammonium  nitrate  (Graham- 
Otto,  iii,  840^  the  derivative  from  valeralammonia  may  be 
regarded  as  ai-amylidenammonium-argentamylidenammonium 
nitrate,  thus : 

Ag  Ag 

H,]!j-0-NO,  CjH,o=ir^O-NOa 

Amylidenamine  silver  nitrate  is  insoluble  in  water,  ammonia 
water,  alcohol  and  ether,  but  freely  soluble  in  ammoniacal 
alcohol  from  which  it  crystallizes.  The  crystals  were  too 
small  and  poorly  defined  for  measurement.  Hydrates  do  not 
appear  to  have  formed.  Dilute  hydrochloric  acid  decomposes 
the  body  and  the  filtrate  from  the  silver  chloride  formed  yields 
on  evaporation  ammonium  chloride.  Hydrogen  sulphide  de- 
composes the  amylidenamine  silver  nitrate  when  suspended  in 
ether,  with  the  formation  of  a  black  mass  which  contains  sul- 
phur, silver,  a  hydrocarbon  or  undecomposed  substance  and 
ammonium  nitrate.  The  etherial  solution  after  washing  with 
water  was  evaporated  and  the  thick  yellowish  oil  remaining 
was  dried  over  oil  of  vitriol.     The  following  is  the  analysis 

of  it: 

Calculated  for. 

Carbon 6499  C,^  65-79 

Hydrogen 11-25  H^^  10-97 

Nitrogen 9'o3  N,  9*21 

Sulphur 1401  S,  14-08 

99-78  100.00 
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The  results  indicate  a  mixture  of  C,,H,,N3and  2(C,H,,S). 
The  oil  has  the  odor  of  thiovaleral,  aud  decomposes  when  dis- 
tilled. Hydrochloric  acid  added  to  the  concentrated  etherial 
solution  of  it  produces  a  white  curdy  mass  which  was  not  ob- 
tained free  from  adhering  oil.  This  last  product  is  soluble  in 
alcohol,  ether,  and  with  the  separation  oi  an  oil  in  hot  water. 
Platinic  chloride  produces  at  once  in  the  alcoholic  solution  a 
small  light  yellow  precipitate  and  in  a  few  minutes  a  dark 
brownish  red  curdy  precipitate  which  yields  to  water,  platin- 
chloride  of  ammonium.  The  red  precipitate  after  washing 
with  water  and  alcohol,  reacts  for  platinum,  sulphur  and  a  hydro- 
carbon. Lack  of  material  prevented  further  investigation  of  the 
product  from  amylidenamine  silver  nitrate  by  the  action  of 
nydrogen  sulphide. 

Hew  HaTen,  Janoarj  10, 1878. 


Abt.  XXXI. — Note  on  the  Crystallization  of  Variscite;  by 

Albert  H.  Chester. 

A  MICROSCOPIC  examination  of  certain  small  crystals  of  the 
mineral  variscite  from  Arkansas  reveals  the  following  facts  with 
reference  to  its  method  of  occurrence  and  crystallization. 

The  crystals  are  rareljr  distinct,  but  are  usually  found  in 

complicated  groups,  sometimes  forming  clusters  of  a  sheaf  form. 

Very  rarely  single  prismatic  crystals  are  found,  sufficiently  dis- 

1.  2.  tinct  to  admit  of  measurement 

Fig.  1  ffives  the  most  common 
form,  belonginc  to  the  orthorhom- 
bic  system,  ana  showing  faces  of 
/,  il,  il  and  0.  In  this  crystal 
/a/=114°  6'.  In  generafbut 
one  termination  is  seen,  but  crys- 
tals showing  both  ends  are  some- 
times found  lying  on  the  quartz 
matrix,  the  bases  being  similar 
to  each  other.  The  face  n  is 
very  small  and  therefore  easily 
overlooked,  and  it  is  about  the  same  size  as  7j  so  that  these 
crystals  may  readily  be  mistaken  for  hexagonal  prisms.  Crystals 
showing  a  simple  termination  like  that  in  fig.  1  are  seldom  seen. 
More  frequently  the  basal  plane  is  like  fig.  2,  or  still  more 
complicated.  These  planes  are  often  covered  with  a  thin 
opaque  white  coating,  probably  of  quartz. 

A  striking  peculiarity  of  this  mineral  is  its  high  lustre,  like 
that  of  beryl,  which  it  much  resembles  when  viewed  under  a 
low  power.  The  crystal  figured  above  is  0*8  mm.  in  diameter, 
and  IS  about  the  average  size  of  those  examined. 

Hamflton  College  Laboratoryi  January  19th,  1878. 
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Art.  XXXIL— />/«cot'ery  o/a  New  Planet;  hj  0.  H.  F.  PetsIU. 

(From  a  letter  to  one  of  the  Editors.) 

In  the  night  of  February  8-4,  in  revising  one  of  my  Zodi- 
acal Charts,  I  found  a  star  that  I  could  not  have  omitted,  as 
being  of  the  tenth  magnitude.  Some  measures  therefore  were 
immediatelv  taken,  which  showed  that  the  object  is  a  planet 
hitherto  unknown.     Its  position  was, 

Feb.  3,  13*»  46™  47*  m.  t.     a=10»»  1"  88"08.      <y=+ll'*  28'  84'-l, 

from  ten  comparisons  with  Dm.  +11^2178,— the  place  of  this 
star  being  determined  by  differentiation  from  LL.  19882,  of 
which  there  are  several  modern  determinations,  viz:  W.  10^.91, 
R.  8090,  Arg.  +11^2190,  Berlin  Men  Cir.  in  A.  N^  Na  1883. 

Last  night  it  clouded  up,  before  the  planet  could  be  re-ob- 
served. But  from  the  measurements  of  the  preceding  nigbt  fol- 
lows the  hourly  motion  —  l"'75and  •^-27"'0,  or  the  daily  motion 
— 42*  and  +li',  so  that  there  will  be  no  difficulty  in  finding 
th&  planet  again,  it  having  now  already  entered  upon  Cbacor- 
uac^s  chart 

There  hos  been  some  confusion  of  late  in  the  Domberingof 
planetoids,  arisen  from  neglect  of  prompt  communication.  Bat 
It  seems  this  new  member  will  have  to  carry  the  number  180. 
If  the  priority  of  discovery  remains  to  me,  1  propose  the  name 
Ewvke^  in  commemoration  of  the  glorious  victanes  won  by  the 
Bussian  .nrmies  in  their  strife  for  humanity. 

Litchfield  Observatory  of  Hamilton  OoUege,  Clinton,  N.  Y.,  Feb.  6, 18VS. 


SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  Neto  mode  of  D^ermiHing  Vapor  DeneUiee. — Nauhani 
has  proposed  an  entirely  new  mode  of  detennininff  yapor  denm- 
tief«,  founded  upon  the  well  established  principle  tSat  when  sab- 
stances  not  miscible  with  a  given  liquid  are  distilled  with  this 
liquid,  the  quantity  of  the  two  bodies  in  the  distillate,  is,  at  ft 
constant  temperature  of  ebullition,  in  a  constant  ratio.  Since,  on 
the  mechanical  theory  of  gases,  the  vapor-tension«  other  things 
being  equal,  depends  on  the  number  of  molecales  which  the  vapor 
contains,  the  author  sought  a  relation  between  the  constituents  of 
the  distillate,  expresseain  molecular  weights,  and  the  vapor  ten- 
sions of  these  constituents  in  the  vapor  mixture.  The  resolu 
confirm  completely  the  hypothesis  and  establish  the  foHowinfl; 
law :  The  ratio  of  the  quantities  of  the  snbstanoes  in  the  distih 
late,  expressed  in  molecular  weights^  is  equal  to  the  ratio  of  the 
vapor-tensions  of  these  constituents  m  the  vapor  miztare,  msM* 
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nred  at  tbe  temperatare  of  ebullition.  If  g  \%  the  weight  of  one 
substance  in  the  distillate,  m  its  molecular  weight  and  p  its  vapor 
tension  at  the  boiling  point  t  and  under  the  barometric  pressure 
b ;  and  if  6  be  the  weight  of  the  other  constituent,  M  its  molec- 
ular weight  and  P  its  vapor  tension  also  at  the  boiling  point,  we 
have,  by  the  above  law, 

9_ 

m   ^  p 

"G"""P"' 

M 

Ad  extended  series  of  experimental  results  are  given,  which  estab- 
lish the  equality  of  these  two  ratios.     From  this  equation  it  fol- 

lowB  that  M=:  — ^.     If  one  of  the  substances  be  water,  m  =  1 8, 

gr 

p  18  obtained  from  Kegnault^s  table  of  tensions  of  aqueous  vapor, 
ff  and  6  are  tbe  quantities  of  the  two  bodies  found  by  analvsis  in 
the  distillate,  and  P  -=  6  —  je>.  With  naphthaU*ne  for  example,  dis- 
tilled in  steam,  49*4  grams  of  water  and  8*0  grams  of  naphthalene 
went  over  at  98*2°,  under  a  barometric  pressure  of  733  mm.  For 
I  =  98*2%  the  tension  of  aqueous  vapor /?=  712*4  mm.  and  hence 
the  naphthalene  vapor  tension  P=6  — /?=  733  —  712*4  =  20*6  mm. 
The  molecular  weignt  of  water  m  =  18.    Substituting  these  values, 

M  =  ^^y'!^!?  ^  =  113.     The  formula  C-oH.   requires   128. 
49*4X20*6  *•     ■       ^ 

This  is  an  extreme  case,  but  the  result  shows  that  the  above 
formula,  and  not  any  multiple  or  submultiplc  of  it,  is  correct.  Tbe 
method  is  capable  of  indefinite  extension. — Ber,  BerL  Chem,  Ges.y 
X,  2098,  Jan.,  1878.  g.  f.  b. 

2.  On  a  new  Oxide  of  Sulphvr^  PerstUphuric  oxide, — Bkrthe- 
LOT  has  described  a  new  oxide  of  sulphur  which  he  calls  persul- 
phuric  oxide,  corresponding  to  perchropiic  and  permanganic 
oxides.  It  may  be  obtained  by  the  action  of  the  silent  electric 
discharge,  under  a  high  tension,  upon  a  mixture  of  equal  volumes 
of  absolutely  dry  sulphurous  oxide  and  oxygen  gases.  In  solu- 
tion as  persulphuric  acid,  it  is  produced  in  the  electrolysis  of  con- 
centrated sulphuric  acid,  and  has  been  confoimded  with  the  so- 
called  antozone.  It  is  also  formed  when  hydrogen  peroxide 
is  mixed  with  concentrated  sulphuric  acid.  The  oxide  is  Wst  pre- 
pared with  the  concentric  tube  apparatus,*  by  the  action  of  electri- 
city as  above.  At  the  end  of  eight  to  ten  hours,  the  walls  of  the 
annolar  portion  are  covered  with  drops  of  a  thick  adherent  li<|uid. 
Exposed  to  a  temperature  of  0°,  it  crystallizes  sometimes  in  gran- 
ular indistinct  crystals,  sometimes  iu  transparent  thin  and  flexible 
needles,  many  centimeters  long  and  of  an  appreciable  breadth, 
often  crossing  the  tube.  It  resembles  sulphuric  oxide,  but  the  lat- 
ter is  opaque,  in  finer  needles,  shorter  and  narrower.  It  possesses 
a  considerable  vapor  tension  and  sublimes  spontaneously  in  the 

^  Ann.  Chim.  Phys.,  V,  zii,  463,  December,  1877. 

Am.  Joos.  8oi.— Thied  Sbbtes,  Vol.  XV,  No.  87.— Maboh,  1878. 
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tubes  containing  it.  Its  composition  was  determined  by  synthe- 
sis and  by  analysis.  Synthetically,  the  residual  gas  after  the  ac- 
tion was  withdrawn  by  a  mercury  pump  Und  measured ;  it  was 
one-eighth  of  the  original  gas,  corresponding  to  the  equation 
(SO  ),+0  =S,0,+0 ;  or  in  volumes  4+4  originally  and  1  finally. 
Analytically  by  opening  the  tube  under  a  titered  stannous  chlo- 
ride solution,  the  excess  of  oxjgen  was  determined ;  and  by  pre- 
cipitation with  barium  ehlonde,  the  sulphuric  acid  was  ascer- 
tained.    The  ratio  obtained  was  SO  :  O  : :  10 : 1 ;  the  theoretical 


•Ae  8ame  ni'ult  was  \«;ched 
ff,   the  pnersulph 
weight  of  104  and  tne  constituent  sulphurous  oxide  and  oxygen  a 


ratio  S,0,=(SO  A :  O  or  160 :  16. 
by  simple  weighing,   the  persulph 


uric  oxide  formed  having  a 


weight  of  94'1 -^10=104*1,  proving  it  to  consist  only  of  sulpbur 
and  oxygen.  Persulphuric  oxide  thus  prepared  may  be  preserved 
several  days  near  0°,  but  at  the  end  of  a  fortnight  it  begins  to  de- 
compose. Its  aqueous  solution  rapidly  loses  oxygen,  and  its  solu- 
tion in  concentrated  sulphuric  acid  also  loses  oxygen  but  more 
slowly.  It  fumes  in  the  air.  Its  solution  in  sulphuric  acid  evolves 
oxygen  rapidly  in  presence  of  platinum  sponge.  Treated  with 
sulphurous  acid,  hyposulphuric  acid  is  formed.  Barium  hydrate 
gives  barium  persulphate,  which  is  soluble  in  water. —  C^.  j^, 
Ixxxvi,  20,  January,  1878.  a  f.  & 

3.  On  the  Formation  of  Ammonium  Nitrite  in  Cotnlmsiion, — 
Z&LLER  and  Gretk  have  reexamined  the  assertion  of  Schdnbein 
that  ammonium  nitrite  is  formed  by  combustion,  deeming  the 
statements  of  Carius  and  Berthelot  that  ready  formed  ozone  will 
not  oxidize  nitrogen  irrelevant,  since  the  position  of  Schdnbein  is 
that  the  nitrite  and  the  ozone  are  simultaneous  products.  They 
found  that  water  which  had  been  produced  by  the  combustion  of 
hydrogen  in  atmospheric  air  gave  a  distinct  reaction  both  with 
l^essler's  test  and  with  potassium  iodide,  starch  and  a  few  drops 
of  acid.  Numerous  experiments  with  pure  hydrogen — a  large 
gasometer  fall  being  btimed  every  day  for  two  months — and  pure 
air,  with  pure  hydrogen  and  common  air,  and  with  unpurifieo  hy- 
drogen, and  gave  always  water  containing  nitrite.  Two  to  three 
hundred  cubic  centimeters  of  this  water  distilled  from  pure  baryta, 
gave  a  distillate  in  which  platinic  chloride  produced  a  precipitate. 
— Ber,  BerL  Chem,  Gea,^  x,  2144,  Jan.,  1878.  g.  f.  & 

4.  On  Flaoranthrene^  a  hydrocarbon  from  Coal  tar. — ^lu  exam- 
ining for  phenanthrene,  a  solid  hydrocarbon  of  high  fusing  point, 
obtamed  irom  coal  tar,  Fittig  and  Gebhabd  found  that  none  of 
this  hydrocarbon  was  present,  but  that  the  mass  consisted  of  py- 
rene  and  a  new  hydrocarbon  analogous  to  it.  The  two  were  sep- 
arated by  means  of  their  picrates.  The  new  hydrocarbon  is  more 
soluble  in  alcohol  than  pyrene,  crystallizes  in  large  brilliant  plates, 
which  fuse  at  109°,  and  has  the  composition  C,^H,,.  The  picrate 
crystallizes  from  alcohol  in  long  redaish-yellow  needles  insmg  at 
182^-183°.  On  oxidation,  it  yields  a  mixture  of  a  quinone  and  an 
acid,  the  latter  monobasic,  with  the  formula  C  H^O,,  Heated 
with  zinc  dust,  it  gives  fluorene,  and  with  lime,  dipnenyleneketone. 


Chemistry  and  Physics,  211 

Hence  tbe  acid  is  dipbenyleneketonecarboDic  acid,  with  tbe  formula 

^TX  ^  9  ^^^^  ^^^  bydrocarbon  bas  tbe  constitutional  formula 

^•"•\COOH 
C^— CH-CH 
I       ^/         I         The  autbors  give  tbe  bydrocarbon,  tberefore, 

(J^H, CH 

tbe  name  flnorantbrene,  calling  attention  to  tbe  fact  tbat  Scbmitz 
bas  proved  tbe  identity  of  Baroier's  fluorene  witb  dipbenyleneme- 
tbane.  In  a  postscript,  Fittig  says  tbat  be  bas  just  seen  the  paper 
of  Goldscbmiedt  upon  idryl,  and  has  no  doubt  that  the  bvdrocar- 
bon  C^H  there  described  is  identical  with  his  fluoranthrene. — 
Ber.  ierL  Vhem,  Oes,^  x,  2141,  Jan.,  1878.  g.  f.  b. 

5.  Simpie  synthesis  of  Formic  add. — Merz  and  Tibirca  have 
Btadied  tbe  reaction  of  carbonous  oxide  upon  caustic  alkali,  ob- 
served first  by  Bertbelot,  and  find  tbat  when  a  current  of  this  gas 
is  passed  over  soda-lime  at  a  temperature  of  about  200^  to  250^, 
the  formation  of  formic  acid  is  rapid.  Under  favorable  conditions 
an  extremely  rapid  current  of  gas  is  completely  absorbed,  forming 
an  instructive  class  experiment.  This  synthesis  is  important  in 
view  of  tbe  fact  that  the  hydrogen  solidified  by  Pictet  was  pre- 
pared by  fusing  together  sodium  nydrate  and  formate 

NaOH+H.COONa=CO<Q^*+H^    Tbe  fusion  took  place  in 

tbe  generator. — Ber.  Berl.  Chem.  Oes.^  x,  2117,  Jan.,  1878. 

o.  F.  B. 

6.  Constitution  of  Nicotine, — Laiblin  bas  taken  another  step 
toward  unraveling  the  constitution  of  the  alkaloids  by  successfully 
oxidizing  nicotine  by  means  of  potassium  permanganate,  obtaining 
thereby  an  acid  which  he  calls  nicotinic  acid,  in  colorless  needles, 
fnsin^  at  225°-227**  and  yielding  on  analysis  the  formula  C^H^NO  , 
identical  with  the  acid  obtained  by  Weidel  by  oxidizing  with 
nitric  acid.     On  distillation  with  lime,  the  salts  of  this  acid  yield 

pyridine.     Hence  tbe  acid  is  pyridine-carbonic  acid  C^H^N 

COOH. — Ber.  Berl.  Chem.  Ges.^  x,  2136,  Jan.,  1878.       g.  f.  b. 

7.  Chemical  Philosophy. — As  recent  discussions  in  the  French 
Academy,  together  with  the  paper  of  Marignac,  translated  in  the 
last  number  of  this  Journal,  and  tbe  correspondence  between 
Bertbelot  and  Marignac  which  appears  in  the  present  number,  may 
tend  to  unsettle  opinions  in  regard  to  tbe  fundamental  principles 
of  modem  chemistry,  it  seems  important  to  rehearse  in  few  words 
certain  considerations,  which  do  not  appear  to  have  been  duly 
weighed  in  these  discussions.  The  modern  theory  of  chemistry 
aasnmes  tbe  recognition  of  molecules  as  definite  magnitudes,  and 
tbe  law  of  Avogadro  as  an  accepted  principle.  It  does  not  attempt 
to  justify  these  assumptions  by  chemical  evidence,  which  is  con- 
fessedly inadequate,  but  it  accepts  the  principles  as  definite  results 
of  molecular  mechanics.  This  department  of  physics  involves  tbe 
mechanical  theory  of  heat  and  the  kinetic  theory  of  gases,  which 
have  been  developed  by  such  masters  as  Rankine,  Clausius,  Joule 
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and  Maxwell,  and  it  is  not  too  much  to  say  that  these  theoijea — 
eeeentially  one  and  the  same — rest  to-day  on  as  firm  a  foundation 
as  the  nndnlatory  theory  of  light,  and  the  molecule  is  a  Tastly  more 
reasonable  conception  than  that  indefinitely  attenuated  yet  indefin- 
itely elastic  medium  we  call  the  ether.  Of  the  kinetic  theory  of 
gases  the  principle  of  Avogadro  is  a  necessary  consequence  and 
must  be  true  unless  this  whole  theory  is  a  delusion.  It  is  not  how- 
eyer  at  present  important  to  consider  whether  the  abaolute  truth 
of  the  theory  will  probably  be  hereafter  yindicated  or  the  reyerse. 
For  the  moment  the  only  question  is  whether  the  kinetic  theory 
of  gases  is  a  suitable  basis  for  the  system  of  modem  diemistry, 
and  we  are  sur|>rised  that  any  scholar,  who  appreciates  the  pres- 
ent position  of  the  theory  should  not  acquiesce  in  the  decision  in 
which  the  great  body  of  working  chemists — certainly  of  those  out- 
side of  France — agree.  The  two  great  uses  of  systems,  or  theo- 
ries, in  science  are  to  direct  inyestigation  and  to  uoilitate  the  ac- 
quisition of  knowledge.  Of  the  yalue  of  the  molecular  theory  in 
chf^nistry  the  history  of  investigation  during  the  last  ten  years  is 
sufficient  eyidence  for  the  first  point,  and  for  the  second  point  the 
paper  of  Marignac  above  referred  to  furnishes  abundant  indica- 
tions of  the  confusion,  which  would  necessarily  attend  any  at- 
tempt at  the  present  day  to  base  a  system  of  chemical  notation 
solely  on  the  early  crude  conceptions  of  combining  proportions  or 
chemical  equivalents.  As  we  have  written  in  another  place,  **  Onr 
modem  science  is  a  philosophical  system  based  on  ideas  distinctly 

stated  and  consistently  developed Of  conrse  we  are  far 

from  believing  that  the  ideas  now  prevailing  are  necessarily  true, 
and  it  is  perhaps  to  be  expected  that  our  modem  school  will  share 
the  same  fate  as  that  which  preceded  it,  but  we  do  believe  that 
the  coming  system,  whatever  it  may  be,  will  be  based  on  equally 
clear  conceptions,  and  that  in  attempting  to  clarify  our  ideas  and 
realize  our  conceptions,  we  are  following  the  right  path  and  mak- 
ing the  only  satisfactory  progress." 

As  is  well  known,  although  the  kinetic  theory  of  gases  defines 
molecular  magnitudes,  it  establishes  only  their  appraxitntxte  rela- 
tions and  even  these  in  but  comparatively  few  cases.  It  thus 
gives  however  the  first  terms  of  proportions,  whose  remaining 
term8  can  be  supplied  by  pureljr  chemical  evidence,  chiefly  that 
obtained  by  the  study  of  chemical  reactions  and  by  quantitative 
chemical  analysis.  For  a  limited  number  of  substances  the  rela- 
tive molecular  weights  as  deduced  by  chemical  methods  can  be 
brought  into  comparison  with  those  directly  given  by  the  molecu- 
lar theory,  and  the  agreement  is  all  that  could  be  expected.  In- 
deed, considering  the  uncertainties  which  both  the  physical  and 
the  chemical  methods  involve,  and  our  great  want  of  knowledge  of 
the  changes  of  molecular  structure,  which  evidently  very  con- 
stantly attend  the  volatilization  of  a  solid  substance,  it  is  surpris- 
ing that  the  discn*pancies  are  not  more  numerous  than  those 
which  have  as  yet  appeared ;  and  to  abandon  our  clear  concep- 
tions and  hitherto  safe  guides  on  account  of  a  few  anomalies, 
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which  remain  to  be  explained,  would  be  as  foolish  as  for  a  navi- 
gator to  throw  away  bis  chart  and  compass  because  he  could  not 
tiilly  account  for  all  the  deviations  of  the  magnetic  needle. 

In  a  recent  paper,  of  which  a  notice  will  be  found  in  the  previ- 
ous number  of  this  Journal,  M.  Herthelot,  after  referring  to  the 
well  known  principle  that  the  tendency  of  a  chemical  system  is 
toward  that  composition  which  corresponds  to  the  maximum  evo- 
lution of  heat,  writes— *' the  secret  of  the  decomposition  of  baric 
perhydrate  is  not  to  be  found  in  any  symbolic  considerations 
drawn  from  a  figurative  arrangement  of  atoms,  but  is  explained 
by  very  simple  and  very  obvious  principles,  resulting  from  the 
regular  action  of  molecular  mechanics.*'  The  tone  here  taken  in 
regard  to  the  study  of  structural  chemistry,  which  was  also  heard 
in  the  debate  in  the  French  Academy,  greatly  surprises  us.  Cer- 
tainly these  eminent  French  chemists  must  know  that  in  Ger- 
many the  study  of  chemistry  has  been  during  the  last  ten  years 
almost  solely  directed  by  theories  of  molecular  structure,  and  that 
during  this  period  the  Gferman  chemists,  thus  guided,  have  done 
more  to  advance  their  science  than  all  the  other  nations  of  tho 
world  combined.  Moreover,  if  there  are  such  things  as  molecules, 
and  if  the  present  science  of  '^  molecular  meehafiics*^  is  a  legiti- 
mate branch  of  knowledge,  then  the  so-called  ^'  Law  of  Avoga- 
dro'*  is  an  established  principle,  and  then  also  molecular  struc^ 
tare  is  a  necessary  inference  at  least  in  the  only  sense  in  which  it 
18  held  by  the  great  masters  of  modern  chemical  philosophy. 

J.  p.  c.,  JR. 

8.  7%«  Xiaws  governing  the  Formation  of  Ethers. — N.  Mbn- 
BCHUTKiN  recently  presented  to  the  Russian  Chemical  Society  a 
paper  of  great  general  interest,  as  it  is  one  of  the  first  fruits  of  the 
comparative  method  of  research  which  has  already  yielded  such 
brilliant  results  in  the  hands  of  Bogusky.  His  work  relates  to  the 
formation  of  the  acetic  ethers  from  sixteen  different  alcohols,  and 
is  in  part  a  revision  of  that  of  Berthelot  and  Pean  de  St.  Gilles,  who 
were  the  first  to  enter  this  field,  but  whose  researches,  as  the  sci- 
ence was  not  ready  for  them,  have  lain  neglected  since  1863.  The 
position  of  the  hydroxyl  group,  he  finds,  has  a  marked  effect  on 
the  etherification,  the  rate  during  the  first  hour  being  from  twenty 
to  thirty  per  cent  faster,  during  the  following  hours  somewhat 
slower  for  primary  alcohols  (characterized  by  CH^OH)  than  for 
secondary  (characterized  by  CHOH),  while  the  limit,  that  is,  the 
whole  amount  of  ether  which  it  is  possible  to  form  from  second- 
ary alcohols,  varying  from  61*5  to  66*65  per  cent  of  the  theory,  is 
lower  than  that  of  the  primary,  69*61  to  82*24  per  cent;  differ^ 
ences  of  molecular  weight  within  an  homologous  series  do  not 
affect  the  initial  rate,  which  is  the  same  for  all  its  members  with 
a  few  easily  explained  exceptions,  but  do  infiuence  the  limit, 
which  increases  abont  two  per  cent  in  the  primary  series,  about 
I'l  per  cent  in  the  secondary  with  each  increase  of  CH,  ;  the  ini- 
tial rate  and  limits  of  unsaturated  alcohols  are  lower  than  those  of 
the  saturated,  the  rates  differing  by  about  ten  per  cent,  and — the 
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iXbfA^M  kftf  e  tike  Mine  budebI  nt«  m  aDji  akekot  ni  ipile  of  t&e 
w\A0:  diMertuoti  b#tw«c«  tjbe  maatie  c<wpoMdi  »d  ihoae  erf" 
tibe  €u  f«rie»,  vUcfc  kawe  ihtk^  in  co«mo«  to  tkcae  aobctaaees 
exe«rfi€  tbcfr  jJeaJMie  Bftsne:  it  fo[lovi  ftoi  tkese  fi^ts  that  oev 
alerj4^4ft  cao  €m1  j  be  rtSemd  to  tlicir  proper  das  bj  detcfmiii- 
ing  tbetr  iaitttl  rate  of  ctbcftfeatMM.  Mcafdratkbi's  aoaiewhat 
loftgthj  diic— ijoa  of  the  relafire  rate  L  e^  tbe  i«tc  fcfetrgd  to 
tbe  linh  fceoM  rather  ■■  u  r<  wir  r.  at  it  is  of  coane  a  OMre  Ine- 
tiofk  of  the  Emit,  bat  it  i»  aot  worth  while  to  dwdl  on  the  nagle 
blcnufh  in  a  paper  to  fuD  of  iatcratiag  ohaerratioBa,  maaj  of 
which  eaoDOt  cren  be  nteiitioaed  ia  tht^  aotice  horn  waat  «if  apaoe, 
aad  of  raloable  aoj^geftioBa  for  fataie  reicaich«  aotablj  those  ia 
regard  to  the  beaiins  o^  laoanriim  oa  the  rate  aad  limt,  whidi  it 
!•  to  be  hoped  he  wiU  follow  oat  thoroaghlr,  aa  «ooa  as  he  has 
€aifhed  the  tertiarr  akohob  (eoataiaia^  COff)  with  whidi  he  it 
BOW  at  wotk^—Ber.  iMuUdL  Cham^  Gt9^  x.  17^  18ML  gl  u  i. 
».  .SfMd  H^drog^  Dtrnmiy  of  Lifmid  Oxy^em^—Wkh  theap- 

Crato»  described  in  the  last  namber  €4  this  Joamal,  IL  PicnET 
f  saceeeded  in  both  liquefriag  and  «Adifyii^  hydrogen,  and 
hai^  obtained  a  prodact  whi^  is  described  as  harii^  a  metallic 
appearance,  and  jnsti^ng  the  opinion  loo^  siaee  cjqMeased  by 
Uamsft,  that  hjdrosren  is  a  gamoHB  metoL  IL  Pictet  prepared 
the  hydrogen  by  h€atiii^  pota»ic  loraiiate  with  pot ssiric  hydmte 
in  the  ^sbell^  of  his  appsiatos  (page  139^  llie  pteasore  in- 
creased gradoally  and  in  a  little  more  than  half  an  honr  it  readied 
650  stmospberesL  At  this  point  the  pressnre  remained  stationary 
for  some  tecoods,  when  **  the  stop-oock  was  opened  aad  a  jet  of  a 
steel-blue  color  escaped  with  a  hissing  ndse."  **  This  jet  sud- 
denly became  intermittent,  and  the  spectators  observed  a  hail  of 
sdid  eorposeles  projected  with  %'iok»ce  on  the  gromid,  where 
they  prodnced  a  crackling  noise.^ 

M.  Pictet  also  announces  the  result  of  a  roogfa  estimate  of  the 
density  of  liquid  oxygen  based  on  many  factors,  bat  ehi^fy  on  the 
dimensions  of  his  apparatus,  and  *^  the  variation  of  prec<sare  cor- 
responding to  the  condensation  of  oxygen  in  the  tabe  immersed 
in  the  carljonie  acid.**  This  variation  corresponded  to  74*26  at- 
mospheres, and  from  this  he  dedoces  that  the  tube  whose  volume 
was  40*25  cubic  centimeters  held  45'467  grams  of  the  liquid  gas. 
Assuming  that  the  tube  was  full,  the  density  of  liquid  oxygen 
must  be  nearly  the  same  as  that  of  water,  and  if,  as  is  probable, 
the  tube  was  not  qaite  filled,  the  j^reement  is  still  closer.  This 
density  is  about  one-half  of  that  of  sulphur,  and  the  result  is  re- 
garded bv  Pictet  as  a  most  complete  experimental  verification  of 
a  pre^liction  of  Dumas  based  on  the  inference  that  the  atomic  vol- 
imies  of  oxygen  and  sulphur  must  be  equal  when  in  the  same  state 
of  aggregation.  As  the  atomic  weight  of  oxygen  is  one-half  of 
that  of  sulphur,  Dumas  had  concluded  that  the  dengities  of  the 
two  sul^stances  would  bear  to  each  other  the  same  ratio. 

In  Nature  for  Jan.  31  may  be  seen  a  large  wood-cut  represeu- 
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tation  of  the  apparatus  used  by  M.  Caillelet  in  his  experiments 
described  in  oar  last  number.  j.  p.  a,  jr. 

10.  The  tfftci  of  Light  and  Heal  upon  the  electrical  resistance 
of  iSelemtifn. — W.  Sibmens  has  undertaken  a  long  research  upon 
the  photo-electric  properties  of  selenium  and  concludes  that  its 
sensitiyeness  to  lignt  is  a  peculiar  property  of  this  metal,  and  finds 
that  it  is  not  a  general  property  of  metals  as  has  been  claimed  by 
Borostein.  Siemens  points  out  the  use  of  selenium  as  a  photom- 
eter for  lights  of  all  colors.  The  photometers  now  in  use  do  not 
admit  of  the  comparison  of  colored  lights  with  much  precision. 
When  we  pronounce  that  two  lights  of  different  colors  are  equal, 
our  decision  is  a  subjective  one.  The  selenium  photometer,  how- 
ever, gives  unmistakable  indications  for  the  strength  of  lights  of 
all  colors.  Unfortunately  there  is  no  means  at  present  of  gradu- 
ating and  obtaining  the  values  of  the  scale  divisions  of  such  a 
photometer.  Siemens  has  endeavored  to  obtain  an  empirical 
scale,  but  without  much  success.  He  hopes,  however,  that  other 
oboervers  with  better  means  may  be  more  successful — Ann.  der 
Physik  und  Chemie^  No.  12,  1877,  p.  621.  j.  t. 

11.  Oil  the  Influence  of  Light  upon  the  electrical  resistance  of 
MUals ;  by  6.  Hauskmann. — ^The  author  has  submitted  the  re- 
salts  of  Bomstein  upon  the  above  subject  to  proof.  He  used  a 
very  sensitive  galvanometer  and  a  thermo-electric  element  of  iron 
and  copper  from  which,  by  keeping  the  ends  at  a  constant  differ- 
ence of  temperature,  he  was  enabled  to  obtain  a  constant  electro- 
motive force.  When  the  metals  were  intercalated  in  the  circuit 
and  their  resistance  measured,  no  difference  was  observed  which 
could  be  attributed  to  the  effect  of  light.  Another  method  de- 
pending upon  damped  vibrations  was  used  with  the  same  result, 
and  Hausemann  therefore  concludes  that  Bomstein  is  in  error  in 
attributing  the  effects  he  obtained  to  light.  In  another  paper  he 
discusses  the  results  obtained  by  Bomstein  in  photo-electricity 
and  fails  to  confirm  the  results  of  that  investigator. — Ann,  der 
Physik  und  Chemiey  No.  12,  1877,  p.  621.  J.  t. 

12.  On  JBlectromagnetic  and  Calometric  absolute  measurements, 
— Prol  H«  T.  W^EBBB  in  a  paper  not  yet  concluded,  discusses  the 
various  results,  obtained  by  different  observers  for  the  value  of 
Siemens'  resistance  unit,  and  concludes  from  three  independent 
sets  of  measurement  that  the  divergent  results  obtained  by  MM. 
Wilh.  Weber,  F.  Kohlrausch  and  L.  Lorenz,  are  affected  with 
errors  of  observation.  Prof  H.  T.  Weber  finds  for  the  value  of 
Siemens'  resistance  unit  the  expression 

lS.M.U.=:0-»550'xiO'»f— ^\ 

\    sec.    / 

Weber  concludes  his  first  paper  as  follows : — 

"  (1.)  The  fundamental  laws  hitherto  recognized  of  induced  cur- 
rents of  variable  intensity  represent  with  great  precision  the  real 
facts.  The  opinion  of  M.  Lorenz,  that  the  great  difference  be- 
tween the  results  found  by  M.M.  Weber,  F.  Kohlrausch  and  the 
physicists  of  the  British  Resistance  Committee  was  the  conse- 
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qoenee  of  omr  iBperlect  kBovlcdce  of  tk  laws  of  siidi  iodaced 
carrenu,  findf  no  coofimuuioo  mt  mil  in  the  mbore  ezperimeiitiL 

(2.^  AbiolBte  meacamnefit*  of  resistance  can  with  the  menns 
of  nlTanie  obserratioos  nowadajs  at  o«r  dispoeil,  be  carried  out 
with  soeh  exactncsa  and  certaiotT  aa  can  ooIt  be  attained  in  few 
defMutmeota  of  phfsica.  The  nocioB  widely  aoeepted  among 
phTsici*t»,  that  absc^nte  measarevieDta  of  resistance  belcmg  lo 
those  phjAcal  measarementa  which  are  capable  of  giving  only 
loaghlr  mproximate  Talaea^  and  require  pecoliarlfr  eqaipped 
localities  for  carrriM  thein  out — an  opinion  to  which  W.  Sienens, 
amoi^  others,  has  giTcn  expression  in  the  sentence  ^  we  maj  cer- 
tainlj  prooonnce  positiTclj  that  eren  the  most  practised  physic- 
ists, supplied  with  the  most  perfect  instnunenta  and  locilitiea, 
will  not  be  able  to  make  absolnte  resistance  measarementa  that 
would  not  differ  by  some  percentage^ — is  related  by  the  aboTe 
results  of  experiment,  According  to  my  experience,  these  meas- 
arementii  can  be  effected  with  tolersble  sccancy  with  Tery  scant 
means  and  in  moderately  equipped  localities^** — PhiL  Mag^  JtoLy 
1878,  p.  30.  J.  T. 

1 3.  Sote*  /ram  the  Chemical  Laboraiary  of  the  Johns  Mop- 
kins  UfUveniiy^  XoSw  4-8.  22  pp.  8to.  Baltimore,  December, 
1877. — No.  4,  on  the  oxidation  of  BrcMnethyl-toliiene  and  of  similar 
snbstitfition-prodacta,  by  H.  N.  Moasa  and  L  Rkmskx  ;  No.  5, 
on  the  oxidation  of  xy^neaolphonic  acids,  by  M.  W.  Ilvs  and  I. 
Rbjcsex  ;  Xa  6,  on  acetylamidopbenolft,  by  U.  N.  Monsa ;  No.  7, 
a  correction,  by  L  Rkmskx  ;  No.  8,  a  Lecture^xperiment,  id. 

IL  Geology  axd  Mineralogy. 

1.  Annual  Report  of  the  Wi§eonsin  Gtologieal  Survey  for  the 
year  1 877 ;  by  T.  C.  Cbambsrlajx,  Chief  Geologist. — Besides  Tain- 
able  notes  on  the  local  geology  of  portions  of  tbe  State,  this 
Report  contains  brief  descriptions  of  new  Silurian  fossils  of  Wis- 
consin. The  Potsdam  sandstone  afforded  the  species  Sellerophon 
antiquattis,  and  new  species  of  each  of  tbe  following  senera  of  Trilo- 
bites:  ConocephalUeBy  Crepicephahify  Ptyehcuepis^  AgraulaSy  Ario- 
neUus  and  EUiptocephalus ;  and  the  Lower  magnesian  limestone 
trilobites,  of  tbe  genera  Dieellocephaltu  (near  Bathyurus  of  Bill- 
ings) and  lUmnuruSy  beside  JEhtomphcUuSy  and  species  of  Sccevogyra, 
Metaptoma  and  LeptcencL  A  number  of  new  species  also  are 
described  from  tbe  Trenton.  Hudson  River  and  Niag^ara  firroups. 
The  Report  closes  with  a  biographical  notice  of  Moses  Strong, 
who  bad  been  one  of  the  assistant  geologists  of  the  Survey. 

2.  Gefjlogical  Survey  of  New  Jersey.  Annual  Report  of 
George  H.  Cook,  State  Geologist,  for  the  year  1877. — Tne  final 
report  on  the  clay  district  of  Middlesex  County,  states  that  the 
yield  of  clay  in  some  parts  is  1 0,000  tons  an  acre,  and  single  acres 
have  yielded  40,000  tons ;  that  in  a  single  year  265,000  tons  of  fire 
clay  and  20,000  of  stone-ware  clay  have  been  due;  and  there  is 
no  reason  why  this  amount  should  not  be  quadrupled. 
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ProfeflBor  J.  C.  Smock  gives  a  valuable  account  of  the  drift  of 
New  Jersey,  with  the  courses  of  the  glacial  strise.  The  direction 
is  BoiUhwest  on  the  western  slope  of  the  Blue  Mountain  in  Sussex 
and  Warren  Counties,  at  the  zinc  vein  of  Mine  Hill  in  Franklin, 
on  the  west  slope  of  Palisade  Mountain  at  Bergen  Hill,  on  First 
and  Second  Mountains  west  of  Orange,  and  some  other  points ;  it 
18  Moutheas^  on  the  top  of  Palisade  Mountain  at  various  points 
from  Alpine  to  Newark  and  mostly  between  S.  16"  E.,  to  S.  25*^ 
£. ;  and  nearly  east-and-west  (S.  60^  £.  to  S.  80^  £.)  on  the  west- 
ern slope  of  Blue  Mountain  along  Greenville  turnpike,  N.  Y.,  at 
High  Point,  Blue  Mountain,  on  eastern  slope  of  Blue  Mountain 
southwest  of  Branchville,  and  on  First  and  Second  Mountain  west 
of  Paterson.  The  southern  edge  of  the  drift  in  New  Jersey  is 
stated  to  pass  along  the  line  of  Short  Hills  extending  from  Perth 
Amboy,  on  the  north  side  of  the  Raritan,  to  the  First  Mountain. 
Between  First  and  Second  Mountains  it  fills  the  valley  for  less 
than  half  a  mile  south  of  the  Morris  and  Essex  railroad.  It  may 
thence  be  traced  to  Long  Hill,  Morristown,  Dover  and  on  to  the 
Delaware  below  Belvidere.  ^^  The  whole  line  of  this  moraine  is 
remarkably  plain  and  well  defined.'^ 

3.  Bulletin  of  the  United  8tates  Geological  and  Geographical 
Survey ;  F.  V.  Hayden,  Geologist  in  charge.  VoL  iv.  No.  1. — 
This  number  of  the  Bulletin  contains  papers  by  G.  B.  Sennett 
on  the  Ornithology  of  the  Rio  Grande ;  by  E.  D.  Cope  on  Creta- 
ceous and  Tertiary  fishes,  and  on  Professor  Owen's  remarks  on  the 
Pythonomorpha ;  by  V.  T.  Chambers  on  new  Tineina,  etc.,  ft'om 
Texas ;  by  A.  R.  Gbote  on  Noctuidse,  chiefly  from  California ;  by 
J.  S.  KiNGSLEY  on  N.  American  species  of  Alpheus ;  by  Dr.  C.  E. 
McChbsney  on  the  Mammals  of  Fort  Sisse ton,  Dakota ;  by  R. 
RiDGBWAT  of  the  American  Herodiones ;  by  S.  H.  Si?UDDEB  on 
the  Butterflies  of  Southern  Utah  and  Arizona;  bv  Drs.  Coues  and 
Yarbow  on  the  Herpetology  of  Dakotah  and  Montana ;  by  Dr. 
E.  CouES  on  the  Consolidation  of  the  hoofs  in  the  Virginian  deer, 
and  on  a  breed  of  solid-hoofed  pigs  apparently  established  in 
Texas. 

In  the  case  of  the  deer  the  consolidation  is  confined  to  the  homy 
substance  of  the  true  hoof. 

With  regard  to  the  pigs  of  Texas,  the  animal  is  completely 
9olidungukUe^  and  the  anchylosis  of  the  terminal  phalanges  of  the 
toes  has  produced  a  single  broad  phalanx  in  the  axis  of  the  limb. 
Above  this,  however,  the  other  two  phalanges,  medial  and  proxi- 
mal, of  each  of  the  two  principal  digits,  remain  perfectly  distinct. 
The  hoof  is  perfectly  solid  and  on  its  sole  there  is  a  broad  angular 
elevation  of  horny  substance  which  is  curiously  like  the  frog  of 
the  horse^s  hoof  The  breed  is  so  firmly  established  that  no  ten- 
dency to  revert  to  the  original  and  normal  form  is  observable. 
Mr.  Q.  W.  Marnock,  of  Helotes,  Bexar  Co.,  Texas,  who  sent  speci- 
mens and  facts  to  Dr.  Coues,  states  that  in  the  cross  of  a  solid- 
hoofed  boar  with  a  sow  of  the  ordinary  type,  a  majority  of  the 
litter  have  the  peculiarity  of  the  male  parent. 
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Dr.  Cooes  stmtcs  that  there  is  here  a  change  from  ao  artiodae- 
tyle  (or  even-toed)  mammal  to  a  perinodactjle  (or  odd-toed). 
This  is  true  if  we  look  only  at  the  literal  meaning  of  the  word 
perissodact  jle.  Bnt  in  actual  ttmctore,  the  animal  ia  no  less 
artiodactvle  than  hefore;  for  the  two  toes  are  still  present  as 
much  as  i>efore,  although  coalesced  at  extremity ;  and  the  fourihy 
the  o^er  of  the  two,  eqnaU  iA^  third — which  is  the  grand  charac- 
teristic of  artiodactvles  and  determines  that  even  stioke  of  the 
foot  to  which  is  due  the  possibility  of  the  coalescence  of  the  two 
metacarpal  or  metatarsal  bones  into  a  ^cannon"  bone.     j.  b.  d. 

4.  B^ort  on  the  Gtograpkical  and  Gtoloffieal  Survey  of  the 
Rocky  Mountain  Region  ;  by  Major  J.  W.  Powclu,  in  charge  dT 
the  survey.  20  pp.,  8vo. — ^This  report  is  a  brief  and  very  general 
statement  of  the  work  done  by  Major  Powell^s  expedition  in  1876. 
The  region  investigated  lies  mainly  within  the  Territory  <^  Utah. 
The  work  of  the  primary  triangulations  was  under  Professor  A.  U. 
Thompsoit  and  the  topographic  in  two  parties,  nnder  Mr.  W.  U. 
Gravss  aod  Mr.  J.  R.  Hsnshawb.  Geological  investigations  were 
carried  forward  by  ^lajor  Powell,  Mr.  J.  K.  Gii3bbt  and  Captain 
C.  £.  DuTTOX.  The  results  also  include  researches  in  the  depart- 
ments of  Botany  and  Ethnography,  besides  the  taking  of  photo- 
graphic views,  and  an  investigation  of  the  climate  of  Utah  with 
reference  to  the  rise  and  &11  of  Great  Salt  Lake. 

5.  On  the  miriations  of  the  Decorticated  Leafeeare  of  eertam 
8igiUari<B  ;  and  on  the  variatione  of  the  Leaffeoare  of  L^MUh 
dendron  aculeaittm  Sternberg;  by  Hkbmax  L.  Faibchild. — ^These 
two  papers  from  the  Annals  of  the  N.  Y.  Academy  of  Science, 
are  illustrated  by  several  excellent  plates,  showing  the  variety 
of  forms  which  occur  in  the  markings  of  one  and  the  same 
species. 

6.  EiemenU  of  Geoh>gy ;  a  text-book  for  Colleges  aod  the 
meral  reader ;  by  Joskph  LeContk,  author  of  ^  Keligion  and 
aence,'^  and  Professor  of  Greology  and  Natural  History  in  the 

Uiiiversily  of  California.  588  pp.  8vo,  with  numerous  wood  cats. 
— Professor  LeCoute  is  well  known  to  the  readers  of  this  Journal 
through  his  papers  on  binocular  vision,  the  glaciers  of  the  terras, 
the  lava  floods  of  the  Cascade  Mountains  and  other  parts  of  the 
Pacific  slope,  a  theory  of  the  origin  of  the  earth's  features,  and  on 
a  theory  with  regard  to  periods  of  catastrophe  being  ^^  critical 
periods ''  in  the  development  of  species,  besides  some  other  topics. 
His  work  on  Geology  opens  with  the  Dynamical  department  of 
the  science,  taking  up  first  the  subjects  of  atmospheric  and  aqueous 
agencies  and  continuing  with  those  of  volcanoes  and  earthquakes^ 
and  gives  with  ability  and  clearness  the  facts  and  principles.  Part 
II,  on  Structural  geology,  ti-eats  of  the  structure  and  positions  of 
stratified  and  «igneous  rocks,  the  arrangement  and  condition  of 
fossils,  the  classification  or  chronological  order  of  strata,  mineral 
veins,  and  the  structure,  origin  and  erosion  of  mountains.  Part 
III  is  occupied  with  Historical  geology.  The  illustrations  are 
numerous  and  well  selected. 
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7.  Contribu$ion8  to  the  Fossil  Flora  of  the  Western  Territories, 
Part  n.  I%e  Tertiary  Flora ;  by  Leo  Lesqukreux.  1877.  pp. 
366,  and  65  lithographic  plates,  4to. — This  noble  and  important 
Tolume,  one  of  the  latest  and  ripest  fruits  of  Dr.  Hayden's  Geo- 
logical and  Geographical  Survey,  is  just  issued,  and  at  this 
moment  we  can  only  announce  its  publication.  A  critical  account 
of  it  may  in  due  time  be  given,  either  from  the  paleontological  or 
botanical  point  of  view,  or  from  both. 

Also  the  paper  on  Land  Plants  recently  discovered  in  the 
SUurian  rods  of  the  United  States,  published  in  the  Proceedings 
of  the  American  Philosophical  Society,  of  October  last  (with  a 
plate)  deserves  particular  mention.  The  discovery  of  some  of 
these  remains  was  recorded  in  this  Journal,  for  January,  1874; 
but  new  materials  and  new  studies  have  confirmed  Mr.  Lesqne- 
leuz  in  his  opinion  of  their  character.  Meanwhile  Count  Saporta 
has  reported  the  finding  of  a  branch  of  a  Fern  in  the  Silurian 
slates  of  Angers,  France,  announcing  at  the  same  time  the  prior 
American  discovery.  a.  o. 

8.  TTke  rocks  of  the  "  Chloritic  formation^'*  on  the  Western 
border  of  the  New  Haven  region  ;  by  George  W.  Hawes. — In  a 
contribution  from  the  Sheffield  Laboratory*  on  the  above  named 
sobjeot,  the  writer  gave  analyses  of  several  specimens  of  rock 
from  the  so-called  ^^  Chloritic  formation,''  and  pointed  out  the 
resemblance  in  composition  between  these  rocks  and  basic  igneous 
rocks.  By  the  aid  of  the  microscope  the  rocks  were  inferred  to  be 
pyrozenic  On  a  further  examination  with  better  facilities,  I 
nave  found  that  the  mineral,  supposed  to  be  pyroxene,  is  horn- 
blende, and  that  the  rocks  belong  therefore  to  the  diorite  group. 
These  rocks  present  many  very  interesting  microscopic  peculiari- 
ties, among  which  are  some  that  distinguish  them  very  well  from 
the  eruptive  diorites,  and  I  refer  those  who  are  interested  in  the 
subject  to  the  forthcoming  volume  of  the  New  Hampshire  geolog- 
ical survey,  in  which  analogous  rocks  are  discussed  and  illustrated, 
and  in  which  a  revision  of  my  previous  studyf  upon  these  rocks 
will  be  found. 

9.  Eleeated  Quaternary  beds  of  OrinneU  Land  and  North 
Chreenland, — ^The  December  number  of  the  Annals  and  Magazine 
of  Natural  History  contains  an  article  on  these  evidences  of  former 
Arctic  subsidence  and  elevation,  by  H.  W.  Fbii.den,  naturalist  to 
the  late  Arctic  Expedition.  The  author  speaks  of  his  communi- 
cation as  a  supplement  to  a  paper  on  the  same  subject  by  Dr. 
Gwyn  Jeffreys,  in  the  September  number  of  the  same  Journal ; 
and  he  alludes  also  to  a  memoir  by  Mr.  Henry  H.  Howorth,  pub- 
lislM^d  in  the  Journal  of  the  Royal  Geographical  Society  for  1873, 
in  which  the  subject  of  the  elevation  of  the  land  in  the  Arctic 
Regions  is  **  treated  in  a  very  able  and  comprehensive  manner." 
He  states  that  his  observations  sustain  the  opinion  of  Mr.  How- 
orth, that  ^^the  land  which  surrounds  the  North  Pole  is  undergo- 
ing a  general  movement  of  upheaval ;  or,  to  be  perfectly  correct, 

♦  Thifl  Journal,  Feb.,  1876.  f  ^hid.,  Aug.,  1876. 
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we  fiod  on  it,  in  all  directioDS,  evideoces  thst  tbere  has  been  a 
moyement  of  apheaval  since  there  was  an j  sabsidenoe.''  In  Grin- 
nell  Land  and  North  Greenland  shell  beds  in  some  localities  rest 
on  ^  Miocene  strata,  and  extend  to  an  elevation  of  not  less  than  a 
thousand  feet  above  their  level,"  proving,  as  he  states,  that  since 
the  Miocene  there  has  been  ^a  subsidence  of  over  a  thousand 
feet,  and  a  subsequent  upheaval  to  a  similar  altitude.**  The 
beds  overlie  also  the  other  rocks  of  the  country.  The  shells  are 
largely  the  same  that  occur  in  the  Champlain  deposits  of  the  St 
Lawrence  River  and  the  Labrador  and  Maine  coasts:  such  as, 
Sfixicaoa  rugosa^  Mya  irunc(U€^  Cardium  Idandicwn^  Telr 
Una  calcariuy  Astute  borecUis,  Pecten  Gromiandicus  and  others. 
The  paper  particularly  describes  the  several  localities,  and  is  fol- 
lowed by  a  note  by  Mr.  Jeffi^ys,  giving  a  list  of  the  fossils  ob- 
served and  their  localities. 

10.  A  Seal  /ram  the  Leda  Clay  ( Champlain  bede)  of  the  Ot- 
tawa valley, — Dr.  Dawson  describes  this  seal  as  the  common 
Greenland  species,  Phoca  Chromlandi^xi.  It  occurs  in  the  days  of 
Green's  creek,  which  have  "^  afforded  beautifVd  specimens  of  the 
Capelin  and  other  fishes,  and  also  of  marine  shells  of  northern  and 
cold-water  types.** —  Canadian  NicUuraliet. 

1 1.  Notes  on  the  Mineralogy  and  Petrography  of  Boston  and 
vicinity  ;  by  M.  Edwards  Wadsworth. — The  rocks  exunined 
by  Mr.  Wadsworth  are  all  from  the  vicinity  of  Boston.  They  are 
proved  to  belong  to  the  doleritio  type,  although  they  have  in 
the  past  been  classed  by  different  authors  under  various  names 
as  ^^diorytes,"  ^'syenites,*'  etc.  The  microscopical  examination 
has  shown  that  the  normal  and  essential  constituents  of  the 
rocks  are  augite,  feldspar,  and  magnetite;  they  contain  also 
apatite,  olivine,  pyrite,  hornblende,  and  perhaps  biotite.  The 
rocks  from  most  of  the  localities  are  marked  by  a  greater  or  less 
degree  of  alteration,  in  some  the  change  being  slight,  while  in 
others  the  decomposition-product  "  viridite*'  forms  with  magnetite 
the  mass  of  the  rock.  The  rocks  which  have  previously  been 
called  ^'  diorite'*  and  *'  trap''  are  considered  to  be  identicid  and  of 
the  same  age,  while  the  ^'  greenstones"  which  show  more  altera- 
tiori  are  res^arded  as  older.  The  localities  for  the  different  rocks 
examined,  are  stated,  and  the  microscopical  characters  given  with 
care  and  minuteness. 

Mr.  Wadsworth  gives  in  the  beginning  of  his  paper  a  list,  cov- 
ering six  pages,  of  the  published  articles  upon  subjects  connected 
with  the  mineralogy  and  geology  of  Elastern  Massachusetts. — Proc, 
Boston  Nat,  Hist  Soc,  xix,  217,  May,  1877. 

•12.  Analysis  of  Samarskite  from  Mitchell  Co,^  North  Caro- 
lina; by  Prof.  C.  F.  Rammei^bbrg. — ^I'he  North  Carolina  sam- 
arskite  has  already  been  analyzed  by  Miss  E.  H.  Swallow,  ProC 
O.  D.  Allen  and  Dr.  J.  Lawrence  Smith  (see  this  Journal,  III,  xiii, 
362,  and  xiv,  130).  Prof.  Rammelsberg,  who  has  contributed  so 
much  to  onr  knowledge  of  this  group  of  minerals,  has  also  pub- 
lished an  analysis  of  the  same  mineral.     It  is  as  follows : — 
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CbsOft  TfttOft  SnOs  UOt  Fe<i09(Mn809)  OeaO.*  TaOs  ErO  SiOt 
41-07     14-36     0-16      1090         14-61  237       610     lO'SO     0'66 

•  With  a  little  Di.  =  1 00-98 

The  formula  deduiu^d  from  the  above  is  SftaNb^Oaj+ftjUjO-i 
where  ft=Y^Fe,,  C€L(Er,),  each  double  atom  having  an  equiv- 
alence of  six  0^=  9*^9  Ce=:138).  The  American  samarskite  differs 
from  the  Uralian  mineral  in  the  high  percentage  of  tantalic  acid, 
and  of  the  element  erbium. — Ann.  Phya.  u.  Chem,,  11,  ii,  663. 

IIL  Botany  and  Zoology. 

1.  SupplemefUary  Note  to  the  Review  of  Darwin^ %  ''^  Forms  of 
FlawersP  (In  January  No ,  pp.  67-71.) — A  contributor  to  the 
Bulletin  of  the  Torre v  Botanical  Club,  having  advanced  the  idea 
that  the  blossoms  oi  OerUiana  Andretosii  were  cleistogamous, 
because  generally  seen  with  corolla  closed,  we  mentioned :  1,  that 
the  ooroUa  opened  in  bright  sunshine  for  a  short  time,  also  that 
humble  bees  (as  others  had  also  recorded)  bodily  entered  even 
the  closed  flowers,  and  would  therefore  cross-fertilize  them:  2, 
that  there  was  a  neat  adaptation  for  ulterior  self-fertilization ;  the 
pollen  long  remaining  fresh  on  the  ring  of  extrorse  anthers,  in  such 
position  that  when  the  stigmas  of  the  flower  tardily  matured, 
diverged,  and  became  revolute,  a  part  of  the  stigmatic  snrface 
commonly  came  into  contact  with  tne  abundant  pollen ;  but  this 
only  some  time  after  exposure  to  the  chance  of  a  pollenized  enter- 
ing bee.  In  the  Torrey  Bulletin  for  December  last,  (vi,  189),  Mr. 
Meeban  follows  this  up  with  some  observations  and  with  other 
statements  which,  on  account  mainly  of  the  singular  deductions, 
may  call  for  a  brief  remark.  He  states  that  Oentiana  Andrewsli 
in  his  neighborhood  behaves  differently,  and  that  the  flowers 
^  do  not  last  a  long  while."  Between  this  and  "  a  rather  long 
while,"  the  discrepancy  is  not  very  explicit,  and  it  is  more  than 
done  away  with  by  the  statement  following,  that  '^  the  ovarium, 
however,  continues  to  grow,  and  soon  pushes  itself  through  the 
mouth  of  the  corolla,  exposing  the  stigmatic  surfaces  which  remain 
in  a  receptive  condition  for  some  time  atler  exposure."  This  is 
equivalent  to  saying  that  authesis  lasts  for  a  week  or  two,  which 
is  certainly  a  long  while,  and  doubtless  too  long.  For  we  are 
confident  that  when  the  ovary,  or  rather  the  maturing  capsule,  is 
thus  exserted  out  of  the  month  of  the  fading  corolla,  the  stigma 
no  longer  **  remains  in  a  receptive  condition."  If  it  has  not  been 
cross-fertilized  before  this,  its  day  is  long  passed. 

Then  follows  this :  "  The  only  diificulty  with  me  is,  that  I  do 
not  see  where  the  pollen  to  cross-fertilize  is  to  come  from.  Mr. 
Darwin  teaches  that  pollen  from  the  same  plant,  or  from  plants 
growing  under  similar  conditions,  is  practically  no  cross-fertiliza- 
tion." This  is  equivalent  to  saying  that  there  is  no  '^  practical " 
(meaning  useful)  cross-fertilization  if  the  plants  grow  near  enough 
for  a  bee  to  fly  from  the  one  to  the  other;  which  is  making  what 
**  Mr,  Darwin  teaches  "  extinguish  cross-fertilization  effectually  I 
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Then,  ^  But  with  me,  bees  or  other  insects  do  not  go  into  one 
flower  on  one  plant,  and  then  away  to  another  many  yards  away, 
then  returning,  and  again  going  back,  continuously  going  and 
coming,  as  a  zealous  cross-fertilizer,  so  beautifully  arranged  by 
nature,  should  do,  .  .  .  whatever  they  may  do  elsewhere.'*  Cer- 
tainly only  the  bees  in  the  writer's  bonnet  behave  in  this  way,  or 
were  ever  thought  to  do  so. 

The  article  continues  thus:  *^  However,  it  is  well  to  recognize 
the  fact,  that  plants,  and  no  doubt  insects,  behave  differently  in 
different  places.  For  instance,  Mr.  Darwin,  from  English  experi- 
ments, utterly  denies  that  Linum  perenne  can  fertilise  itself  with 
its  own  pollen.  He  says  we  may  as  well  '*  sprinkle  over  it  so 
much  inorganic  dust.  But  a  single  plant  whicn  I  brought  with 
me  from  Colorado,  in  1 873,  bears  fruit  freely  in  my  garden  every 
year.  It  shows  that  how  a  plant  may  behave  in  one  place,  is  no 
rule  as  to  how  it  will  elsewhere."  This  extremely  remarkable 
induction  of  a  general  rule, — ^that  plants  and  insects  cannot  be 
depended  upon  lor  behavior, — is  inferred  from  two  instances,  one 
of  which  has  been  sufficiently  examined ;  and  now  a  few  words 
may  dispose  of  the  other.  Mr.  Meehan  must  have  noticed  (in  Forms 
of  Flowers,  p.  92)  that  Darwin's  result  has  been  completely  con- 
firmed by  Hildebrand ;  and  he  might  have  read,  on  p.  100,  the 
statement,  taken  from  Alefeld,  that  no  American  species  is  hetero- 
styled ;  and  on  p.  100,  that  the  Colorado  plant,  Linum  Lewiaii,  of 
Pursh,  the  American  representative  of  L,  perenne^  is  suspected  to 
be  a  distinct  species,  of  a  sort  fully  capable  of  self-fertilizing.  This 
is  what  Mr.  Meehan's  observation  goes  to  prove ;  and  so,  instead 
of  showing  that  the  behavior  of  species  cannot  be  relied  on,  he  has 
unwittingly  brought  evidence  of  the  correctness  of  Mr.  Darwin's 
surmise.  We  looked  upon  Mr.  Meehan's  little  article  as  a  piece  of 
pleasantry,  and  should  not  have  referred  to  it  if  it  had  not  been 
noticed  abroad  as  something  serious.  a.  g. 

2.  Historia  Filicum;  an  JEktpoaition  of  the  Nature^  JVnmber 
and  Organography  of  Fertis,  <»c.  By  John  Smith,  A.L.S.,  Ex- 
Curator  of  the  Royal  Gardens,  Kew,  etc.  London :  Macmillan  & 
Co.,  1876  ;  re-issued  1877.  12mo,  pp.  429.  And  with  30  litho- 
graphic plates. — The  title  page  proceeds  to  state,  that  this  vol- 
ume contains  a  review  of  the  principles  upon  which  genera  are 
founded,  and  the  systems  of  classification  of  the  principal  authors; 
with  a  new  general  arrangement ;  charact<'rs  of  the  genera ;  re- 
marks on  their  relationship  to  one  another,  their  species,  reference 
to  authors,  geographical  aistribntion,  &c.  The  plates,  drawn  on 
stone  by  Fitch,  illustrate  the  tribes  and  leading  genera.  Mr. 
Smith  is,  perhaps,  the  oldest  living  pteridologist,  and  while  he 
had  his  eye-sight  was  one  of  the  best.  No  one  else  was  so  inti- 
mately and  extensively  acquainted  with  FeiTis  in  a  living  state. 
In  him  unusual  practical  knowledge  was  combined  with  no  mean 
talent  for  systematic  arrangement.  He  was,  next  to  Presl,  the 
first  to  use  the  characters  of  venation,  which  Brown  had  cau- 
tiously suggested  for  the  definition  of  genera,  and  he  may  be  said 
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to  use  them  with  better  judgment  than  Presl,  npon  an  ampler 
•tore  of  materials.  His  papers,  published  in  1841-1843,  were 
thought  very  valuable ;  and  he  has  since  endeavored  to  make  his 
arrangement  more  natural.  Having  nearly  a  thousand  species  of 
Ferns  growing  under  his  care,  he  was  led  to  study  their  mode  of 
growth,  especially  of  the  caudez,  and  the  disposition  of  the  ironds 
npon  it.  He  finds  three  distinct  modes  or  types,  which  we  cannot 
in  this  brief  notice  explain,  upon  which  he  founds  main  divisions  in 
olaasification.  One  of  them  is  characteristic  of  an  already  well- 
marked  primary  group,  the  MarcUtiacm  ;  the  other  two  designated 
as  Sremobrya  and  Dewnobrya^  rather  neatly,  but  not  so  absolutely, 
divide  the  typical  true  Ferns  into  two  great  divisions.  Succeed- 
ing systematists  may  not  assign  to  these  characters  so  high  a 
plaoe,*but  they  cannot  overlook  them. 

The  present  handy  volume  does  not  take  the  place  of  a  Species 
JKiicum.  It  merely  gives  the  names  of  the  leading  species, 
^  the  chief  aim  of  the  work  being  the  definition  of  genera,  and 
their  classification,  founded  on  the  different  modes  of  growth, 
venation,  and  fructification."  It  has  good  indexes,  a  list  of  Fern 
authors,  the  etymology  of  generic  names,  and  is  altogether  a 
useliil  book  both  to  botanists  and  amateurs.  To  those  who  do  not 
possess  a  considerable  botanical  library,  it  would  appear  to  be  in- 
dispensable. A.  o. 

8.  Fhma  of  North  America.  By  Prof  Daniel  C.  Eaton, 
Part  2. — ^This  prompt  continuation  argues  well  for  the  enterprise, 
and  plates  and  letter-press  are  every  way  commendable.  The 
latter  extends  to  p.  48.  The  three  plates  illustrate,  Asplenium 
ebeneufn^  the  ambiguous  A.  ebenoideSy  Botrychium  Lunaria^  Ian- 
eeoiatum^  and  boreale,  Vheilanthes  kmuginosa  and  C.  California^ 
the  letter-press  of  the  latter  not  included.  Referring  to  the  re- 
mark at  the  close  of  the  account  of  Asplenium  ebeneum^  we  sug- 
ee0t  that  the  best  of  all  reasons  for  adhering  to  this  specific  name, 
IS  that  it  is  the  earliest  given  for  this  Asplenium  as  such.     a.  g. 

4.  Zfist  of  Fungi  found  in  the  vicinity  of  Boston ,  part  2,  and 
Memarks^  dbc.  From  Bulletin  of  the  Bussey  Institution^  vol.  ii, 
pp.  224-252. — The  principal  bulk  and  chief  interest  of  this  article 
will  he  found  in  what  are  called  the  ''  Remarks,"  which  are  criti- 
cal studies  of  development,  synonymy,  ifec,  of  various  interesting 
minute  Fun^i,  beginning  with  the  Vhytridinece^  unicellular  para- 
sites, inhabiting  the  cells  of  both  aquatic  and  land  plants.  By  a 
study  of  their  development,  Prof.  Farlow  shows  that  a  common 
parasite  on  Amphicarpcea^  which  has  passed  for  an  Uredo,  and 
figured  under  various  names,  is  a  Synchitrium^  a  chytridineous 
genus,  and  seemingly  not  distinct  from  8,  fulgens^  found  on 
(Enothera  biennis.  The  only  new  species  described  is  of  this 
genus ;  but,  what  is  better  for  science,  a  goodly  number  of  species 
are  reduced  and  properly  referred ;  for  instance,  JSxobasidium 
Vaecinii  is  made  to  include  E,  Azalece  and  JS.  Andromedm  of 
Peck,  and  JB,  discoideum  of  £llis.  The  synonymy  of  various  spe- 
cies of  Uromyces  is  given  in  detail,  and  various  newly  proposed 
species  are  referred  to  Schweiuitzian  originals.  a.  g. 


5.  Jomrfioi  of  dye  Littmeam  SoHtt^ — Tlie  last  tvo  nmiibmy  con- 
taining  together  alnMCt  200  pages,  mre  filled  with  the  J^pieUegimm 
FU/rm  Marooean^^  bj  Johc  Ball,  bas«d  oo  the  coUeetioon  made 
in  Maroeoo  bj  Sir  Joseph  Hooker  mod  hioMelf ;  a  Cfitieal  itiidT, 
illostrmted  bj  plate»  of  cooie  new  or  rare  apecieiL  Thna  €»  it 
reaches  the  begioiiing  of  the  UmdMiferm^  a.  cl 

6.  Guide  dm  BoianiMe  tJt  Btigiqme  (fVmiCst  viwMiUeB  et  ybs- 
par  F&A5COU  Crbpis.     BnixeUes  and  Paris,   187a.     ppi 

495.  18iao. — A  handbook  lor  the  tjfo  ui  Botaaj,  giTing  him 
just  the  iDformatioo  he  most  aeeda,  and  which,  withoot  soeh 
help  at  the  ontsei,  he  will  be  a  long  while  in  obUuning;^-detailB 
I6r  herborixation ;  preparation  of  fpeciaens;  formation  of  hcr> 
banum;  arrangement  for  exchanges;  natnre  and  charaeteri»tiGS 
of  different  sorts  of  botanical  books,  and  how  to  nse  them ;  how 
to  write  them,  moreorer;  and  a  nsefol  section  on  the  correction  of 
prools ;  the  botanist's  library  and  what  it  mnst  needs  contain ; 
selection  of  some  of  the  principal  floras  and  botanieal  periodicals  of 
the  day ;  a  choice  of  Eniopean  JSkfieeaim  ;  sketch  of  the  princi- 
ples and  methods  of  vegetable  paleontology,  with  detailed  instrae- 
tions  for  collecting  and  managmg  specimens ;  systematio  lists  of 
the  more  important  works  on  fossil  plants,  etc  This  all  he- 
longs  to  the  first  part  of  the  Yolnme,  and  is  generaL  The  second 
part  gives  the  history  of  Botany  in  Belgium,  beginning  with  Jean  de 
Saint'Amand  of  Tonmai  (bom  in  the  year  1200),  and  oorainff  down 
to  the  present  day;  an  account  of  botanical  instmction  m  Bel- 

S'um ;  of  the  Botanic  Gardens,  Scientific  Societies  and  Libraries, 
erbaria,  etc;  then  the  geographical  botany  of  the  country; 
a  catalogue  of  its  fossil  flora ;  lull  instructions  for  herboiiaations  in 
different  parts  of  Belgiimi,  with  enumeration  of  the  choice  plants 
of  each  cUstrict ;  the  same  for  the  fossil  flora ;  and,  finally,  a  cata- 
loffue  of  all  the  works  of  Belgian  botanists,  or  those  who  have 
sojourned  in  Belgium  long  enough  to  be  so  accoimted,  from 
Anselme  de  Boodt,  1640,  and  Clusius,  downward.  No  other 
country  has  such  a  hand-book«  a.  o. 

7.  A  curious  adapt€Uion  to  insed-fertUizaUon  in  IrirJuMiema 
is  described  in  a  letter  from  Mr.  L  J.  Isaman,  of  Bangor,  Cali* 
foroia,  in  a  letter  to  Prof  Bessey  of  Iowa  Agricultural  Coll^^a 
The  species  is  T.  linceokUum^  a  very  common  California  annual 
Mr.  Isamao  sends  drawings  of  the  two  states  of  the  blossom 
to  illustrate  his  account  of  the  process,  which  he  describes  S8 
follows : 

^  The  tube  of  the  corolla  is  bent  upon  itself  when  in  its  normal 
condition.  On  inserting  a  pin  or  a  small  splint,  the  tube  if 
straightened,  and  the  stamens  and  pistil  are  thrown  forward, 
and  strike  \eTy  forcibly  upon  the  back  of  any  intruding  insect 
I  have  watched  bees  for  hours,  gathering  honey  from  these 
plants,  and  have  been  very  much  amused  by  the  performance.'* 

The  sketches  well  show  how  the  operation  ma^  take  place. 
But  we  must  ask  our  Califoniian  botanists  to  verify  it,  and  to 
ascertain  the  character  and  cause  of  the  movement  or   chan^j^ 
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ioD ;  also  to  send  ns  seeds  for  raisinf^  the  plant ;  for  this 
is  not  in  cultivation.      Onr  two  Eastern  species  should 
be  examined  in  this  regard.  a.  g. 

itanical  Necrology  of  1877. — This  contains  an  unusual 
of  noted  names.  The  following  are  the  principal. 
Mabia  Emma  Gray,  widow  of  the  late  Dr.  J.  E.  Gray, 
;  the  age  of  90,  a  little  before  the  last  year  began,  viz : 
1876,  but  her  name  was  not  in  our  last  necrology.  She 
keen  student  of  Algm^  in  which  order  her  name  is  com- 
led  by  the  genus  Orayemma^  established  by  her  husband. 
}ANCB  Smith,  widow  (since  1828)  of  Sir  cfames  Edward 
although  not  herself  a  botanist,  should  have  a  place  of 
I  the  list.  She  died  Feb.  3,  1S77,  at  the  age  of  104  years ! 
obituary  notice  appeared  in  this  Journal,  April  last. 
(PPB  DB  NoTAKis,  long  Profcssor  of  Botany  at  Genoa, 
dd  to  Rome  in  1872,  a  cryptogamic  botanist  of  much 
^,  died  January  22,  1877,  in  his  71st  year. 
iBiJf  HoFMBisTEit,  Profcssor  at  Ttlbingen,  a  most  distin- 
Yegetable  anatomist,  died,  January  12,  1877,  in  the  6dd 
his  age.  His  death  was  noticed  in  last  year's  necrology. 
ANDBB  Braun,  Professor  of  Botany  at  Berlin  University, 
he  best  botanists  of  the  as^e,  died,  March  29,  1877,  in  his 
r.  An  obituary  notice  was  duly  given  in  this  Journal,  in 
e  number. 

(UBGBAU,  one  of  the  best  and  most  persevering  botanical 
ra  of  our  day,  who  crossed  the  American  continent  at  the 
'ith  Palisser,  and  made  his  last  collection  iu  Mexico  dur- 
French  occupation,  died  in  France  early  in  the  year. 
isTOOLB  Lestibudois,  formerly  Professor  of  botany  at 
here  he  succeeded  his  father  and  grandfather,  and  who 
luthor  of  considerable  note  in  his  day,  died  last  summer 
ge  of  80. 

[  Algebnox  Weddell,  English  in  birth,  French  by  adop- 
thor  of  the  unfinished  Ckl  tria  Afidina^  and  of  monographs 
rtieece^  Podoatemaceas^  and  Vin^hona^  a  first-class  systematic 
;,  died  in  August  last,  of  heart-disease,  at  the  age  of  58. 
po  Parlatore,  Professor  and  Curator  of  the  Museum  at 
?,  author  of  a  Flora  Italian  a^  of  a  monograph  of  the 
of  Cotton,  of  the  Coniferfe  in  DeCandoUe's  Prodromus, 
er  works  in  systematic  botany,  died  at  Florence,  Septem- 
t  the  age  of  61. 

John  Dakby,  author  of  a  Botany  of  the  Southern 
States,  died  in  August  last,  at  the  age  of  73.  An  obituary 
ppeared  in  the  December  nuinbiT  of  this  Journal.'  a.  g. 
iJesmidiecB  it  GtJdogonicm ;  by  O.  Nordstedt  and  V. 
•CK.  II.  Bohnaldnda  CEdogonieer,  HI.  NonntUloe  Algas 
4 Ids  Brasllienaeis ;  by  O.  Nordstei>t. — The  three  papers 
led  appeared  in  the  Proceedings  of  the  Academy  of  Sci- 
Stockholm,  and  each  is  accompanied  by  a  plate.  The 
described   in   the   first  named  paper  were  collected  by 

(IB.  8ci.— THiRr)  Sbribs,  Vol.  XV,  No.  87.— Mabch,  1878. 
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NordBtedt  himself  in  Italy  and  the  Tyrol  The  desmids  were 
determined  by  Nordstedt  and  the  (Edogonise  by  Wittrock.  The 
Bpecies  from  Brazil,  which  with  two  exceptions  are  desmide,  were 
collected  by  A.  Glaziou  and  £.  Warming.  w.  o.  f. 

10.  ^  new  Species  of  Chimcpra  from  American  Waters/  by  T. 
Gill. — One  of  the  most  unexpected  discoveries  recently  made 
in  American  ichthyology  is  that  of  a  species  of  the  genns  Chi- 
m,(XTa^  of  which  a  specimen  has  lately  been  sent  to  the  Smithso- 
nian Institution.  It  was  caught  south  east  of  the  La  Have  bank, 
in  lat.  42''  40'  N.,  Ion.  63°  28'  W.,  at  a  depth  of  350  fathoms, 
with  a  bait  of  halibut.  A  close  comparison  of  the  specimen  with 
individuals  of  the  European  Chimcera  monstrosa  renders  it  evi- 
dent that  it  does  not  belong  to  that  species,  but  is  an  entirely  dis- 
tinct specific  form.  It  may  be  named  Chimagra  plumbea.  and 
diagnosed  as  follows: — A  Chimasra  with  the  snout  acutely  pro- 
duced ;  the  ante-orbital  flexure  of  the  suborbital  line  extending 
little  above  the  level  of  the  inferior  margin  of  the  orbit ;  the  dor- 
sals close  together;  the  dorsal  spine  with  its  anterior  snrftce 
rounded;  the  ventrals  triangular  and  pointed;  the  pectorals 
extending  to  the  outer  axil  of  the  ventrals ;  and  the  color  uni- 
formly plumbeous.  By  these  characters  the  species  is  readily 
separable  from  the  Chintaera  monstrosa  and  other  species  of  the 
genus. — Proc.  Phil.  Soc^  Dec.  22,  1877,  Washington. 

11.  2>r.  W.  M.  Gabb  on  Dr.  Warring^e  paper  on  the  grawth- 
rings  of  exogenous  plants  a  proof  of  aUemating  seasonB^  in  the 
last  volume  of  this  Journal,  page  394.  (From  a  letter  to  the 
Editors,  dated  Santo  Domingo,  JDec.  30,  1877.)— Dr.  Warring's 
paper,  in  the  November  number  of  the  Journal,  raises  a  question 
that  I,  in  my  ignorance,  thought  had  been  settled  lone  ago.  I 
have  lived  so  long  in  the  tropics  that  I  feel  almost  as  ff  I  had  a 
right  to  speak  '^  as  one  having  authority."  I  have  had  abundant 
means  of  observation,  and  am  thoroughly  convinced  that  the  con- 
clusions arrived  at  by  the  Doctor  are  correct  I  can  only  demur 
at  one :  I  have  never  seen  an  exogen  without  rings  (3). 

The  mahogany  tree  grows  here  at  the  average  rate  of  one  inch 
diameter  per  annum.  Now  the  one-half  inch  radius  certainly 
contains  an  average  of  three  rings — which  cannot  in  any  manner 
correspond  to  wet  and  dry  seasons,  to  variations  of  temperature, 
nor  yet  to  the  time  of  the  fructification  of  the  plant 

I  might  go  farther :  Santo  Domingo  is  eighteen  to  nineteen  de- 
grees north  of  the  Equator.  But  I  have  seen  the  same  facts 
amply  proven  ten  degrees  farther  south,  where  there  is  practically 
no  variation  of  temperature,  where  the  rainy  season  lasts  twelve 
months  in  the  year,  and  where  the  trees  are,  to  all  appearances, 
equally  vigorous  at  all  seasons  of  the  year. 

TV.  Astronomy. 

1 .  On  the  age  of  th^  Sun  in  relation  to  Evolution ;  by  Jaicbs 
Croll. — One  of  the  most  formidable  objections  to  the  theory  of 
evolution  is  the  enormous  length  of  time  which  it  demands.    On 
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this  point  Professor  Hseckel,  one  of  the  highest  authorities  on  th^ 
subject,  in  his  "  History  of  Creation,"  has  the  following : — "  Dar- 
win's theory,  as  well  that  of  Lyell,  renders  the  assumption  of  im- 
mense periods  absolutely  necessary.  .  .  .  If  the  theory  oi* 
development  be  true  at  all  there  must  certainly  have  elapsed  im- 
mense periods,  utterly  inconceivable  to  us,  during  which  the 
gradual  historical  development  of  the  animal  and  vegetable  pro- 
ceeded by  the  slow  transformation  of  species.  .  .  .  the  peri- 
ods dnrinff  which  species  originated  by  gradual  transmutation, 
must  not  be  calculated  by  single  centuries,  but  by  hundreds  and 
by  millions  of  centuries.  Every  process  of  development  is  the 
more  intelligible  the  longer  it  is  assumed  to  la^t." 

There  are  few  evolutionists,  I  presume,  who  will  dispute  the 
accuracy  of  these  statements ;  but  the  question  arises,  does  phys- 
ical science  permit  the  assumption  of  such  enormous  penods? 
We  shall  now  consider  the  way  in  which  Professor  Haeckel  en- 
deavors to  answer  this  question  and  to  meet  the  objections  urged 
against  the  enormous  lapse  of  time  assumed  for  evolution. 

**  I  beg  leave  to  remark,"  he  says,  "  that  we  have  not  a  single 
rational  ground  for  conceiving  the  time  requisite  to  be  limited  in 
any  way.  .  .  .  It  is  absolutelv  impossible  to  see  what  can  in 
any  way  limit  us  in  assuming  long  periods  of  time.  .  .  . 
From  a  strictly  philosophical  point  of  view  it  makes  no  difference 
whether  we  hypothetical ly  assume  for  this  process  ten  millions  or 
ten  thousand  millions  of  vears.  ...  In  the  same  way  as  the 
distances  between  the  di^erent  planetary  systems  are  not  calcu- 
lated by  mil^s  but  by  Sirius-distances,  each  of  which  comprises 
millions  of  miles,  so  the  organic  history  of  the  earth  must  not  be 
calculated  by  thousands  of  years,  but  by  palseontological  or  geo- 
logical periods,  each  of  which  comprises  many  thousands  of  years, 
and  perhaps  millions  or  milliards  of  thousands  of  years." 

Statements  more  utterly  opposed  to  the  present  state  of  modem 
science  on  this  subject  could  hardly  well  be  made.  Not  only  have 
physicists  fixed  a  limit  to  the  extent  of  time  available  to  the  evo- 
lutionist, but  they  have  fixed  it  within  very  narrow  boundaries. 

Every  one  will  admit  that  the  organic  history  of  our  globe 
must  have  been  limited  by  the  age  of  the  sun's  heat.  The  extent 
of  time  that  the  evolutionist  is  sd^lowed  to  assume  depends,  there- 
fore, on  *;he  answer  to  the  question,  what  is  the  age  of  the  sun's 
heat  ?  And  this  again  depends  on  tho  ulterior  question,  from  what 
source  has  he  derived  his  energy  ?  The  sun  is  losing  heat  at  the 
enormous  rate  of  7,000  horse-power  on  every  square  foot  of  surface. 
And  were  it  composed  of  coal  its  combustion  would  not  maintain 
the  present  rate  of  radiation  for  5,000  years.  C>ombustion,  there- 
fore, cannot  be  the  origin  of  the  heat. 

Gravitation  is  now  almost  universally  appealed  to  as  the  only 
conceivable  source  from  which  the  sun  could  have  obtained  its 
energy.  The  contraction  theory  advocated  by  Helmholtz  is  the 
one  generally  accepted,  but  the  total  amount  of  work  performed 
by  gravitation  in  the  condensation  of  the  sun  from  a  nebulous 
mass  to  its  present  size  could  only  have  afforded  twenty  million 
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thml  tbe  fOD^ft  denotr  iocrEaeo  tovmrds  the  cdrtCTy  a  lew  addhioiial 
miliion  jcan'  beat  ai^bt  be  obtained.  Bvt  oo  ercry  concehrable 
•BppoMtiocB  era^itatioo  coold  boC  bare  aCbrded  mote  tbtti  twenty 
or  thirtj  BilliofB  Tcan*  beat. 

ProlMor  Ils^el  mar  make  anj  avamptiOB  be  dMMMes  aboat 
tbe  age  of  tbe  sob,  b«t  be  aiBit  boC  do  ao  ib  regard  to  tbe  age  of 
tbe  ranV  beat.  One  wbo  belierea  it  iMcomtti^aSu  tbat  matter  can 
eitber  be  created  or  aonibOated  maj  be  allowed  to  muntain  tbat 
tbe  §Qn  exMted  from  aO  etemitj,  bnt  be  cbbboI  be  pennitted  to 
Mpnnie  tbat  our  Inminarj  baa  been  loab^  beat  from  all  eternity. 

If  20,000,000  or  90,000,000  yearado  boC  anSce  for  tbe  eYolotion 
tbeory,  tben  eitber  tbat  or  tbe  eraiitation  tbeorj  of  tbe  origin  of 
tbe  wask%  beat  will  bare  to  be  aoandooed. 

In  a  former  paper  (QoarterlT  Jooraal  of  Science  for  Jnly,  1877) 
I  bare  pfored  from  geological  eridence  tbat  tb^antiqoity  of  our 
babitable  globe  most  be  at  least  three  times  greater  than  it  oonld 
possibly  be  had  tbe  snn  derired  its  beat  simply  from  the  oondeo- 
aation  of  its  massi  Tbts  proTes  that  tbe  firraTitation  theory  of  the 
origin  of  tbe  son^s  beat  is  as  irrecoocilaMe  with  geological  facts 
as  it  is,  according  to  Hcckel,  with  those  of  evolotion,  and  that 
there  most  have  been  some  other  sonree,  in  addition,  at  least,  to 
gravity,  frt>m  which  the  snn  derired  its  store  of  energy. 

That  other  source  is  not  so  inconc«Table  as  has  been  aaaomed, 
for  it  is  qnite  conceivable  that  the  nebvdons  mass  fttym  which  tbe 
snn  was  formed  by  condensation  might  have  been  possessed  of  an 
original  store  of  heat  previous  to  condensation.  And  this  exces- 
sive temperature  may  be  the  reason  why  tbe  mass  existed  in  a 
nebulous  or  rarefied  condition.  Now  if  the  mass  were  originally 
in  a  heated  condition  then  in  condensing  it  would  have  to  part 
not  merely  with  the  heat  of  condensation,  but  also  with  the  heat 
it  originally  possessed. 

The  question  then  arises — By  what  means  could  the  nebulous 
mass  have  become  incandescent  ?  From  what  source  could  tins 
heat  have  been  obtained  ?  The  dynamical  theory  of  beat  affords, 
as  was  shown  several  years  ago  (PhiL  Mag.  for  May,  1868),  an 
easy  answer  to  this  question.  The  answer  is  that  the  enei^  in 
the  form  of  heat  possessed  by  the  mass  may  have  been  derived 
from  motion  in  9pace,  Two  bodies,  each  onc^alf  the  mass  of  the 
sun,  moving  directly  towards  each  other  with  a  velocity  of  476 
miles  per  second,  would,  by  their  concussion,  generate  in  a  single 
moment  50,000,000  years^  heat.  For  two  bodies  of  that  mass, 
moving  with  a  velocity  of  476  miles  per  second,  would  possess 
4,1 49  X 10**  foot-ponnds  of  kinetic  energy,  and  this,  converted  into 
heat  by  the  stoppage  of  their  motion,  would  give  out  an  amount 
iA  heat  which  would  cover  the  present  rate  of  the  sun's  radiation 
for  a  fieriod  of  50,000,000  years. 

There  is  nothing  very  extraordinary  in  the  velocity  which  ve 
have  found  would  be  required  to  generate  tbe  50,000,0^  0  years* 
heat  in  the  case  of  the  two  supposed  bodies.  A  comet  having  sn 
orbit  extending  to  the  path  of  the  planet  Neptune,  approachlDg 
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80  Dear  the  sun  as  to  alraoBt  graze  his  surface  in  passing,  would 
have  a  velocity  of  about  300  miles  per  second,  which  is  within 
eiehty-six  miles  of  that  required. 

It  must  be  borne  in  mind,  however,  that  the  476  miles  per  sec- 
ond is  the  velocity  at  the  moment  of  coUbion.  But  more  than 
one-half  of  this  velocity,  or  274  miles  per  second,  would  be  derived 
from  their  mutual  attraction  as  they  approached  each  other.  We 
have  consequently  to  assume  an  original  or  projected  velocity  of 
only  202  miles  per  second.  If  the  onginal  velocity  was  678  per 
second,  this,  witn  the  274  derived  from  gravity,  would  generate 
an  amount  of  heat  which  would  suffice  for  200,000,000  years. 
And  if  we  assume  the  original  velocity  to  have  been  1,700  miles 
per  second,  an  amount  of  heat  would  be  generated  in  a  single 
moment  which  would  suffice  for  no  less  than  800,000,000  years. 

It  will  be  asked,  where  did  the  two  bodies  get  their  motion  ? 
It  mny  as  well,  however,  be  asked,  where  did  they  get  their  exist- 
ence ?  It  is  just  as  easy  to  conceive  that  they  always  existed  in 
motion  as  that  they  always  existed  at  rest  In  fact,  this  is  the 
only  way  in  which  energy  could  remain  in  a  body  without  dissipa- 
tion into  space.  Under  other  forms  a  certain  amount  of  it  is 
constantly  being  transformed  into  heat  which  never  can  be  retrans- 
formed  back  again,  but  is  dissipated  into  space  as  radiant  heat. 
But  a  body  moving  in  void  stellar  space  will  retain  its  energy  in 
the  form  of  motion  undiminished  and  un transformed  for  ever, 
unless  a  collision  takes  place. 

The  theory  that  the  sun's  heat  was  originally  derived  from  mo- 
tion in  space  is,  therefore,  for  this  reason,  also  more  in  harmony 
with  evolution  than  the  gravitation  theory,  because  it  explains 
how  the  enormous  amount  of  energy  which  is  being  dissipated 
into  stellar  space  may  have  existed  in  the  matter  composing  the 
sun  untransformed  during  bygone  ages.  Or  in  fact  for  as  far  back 
as  the  matter  itself  existed. 

In  conclusion  there  are  only  two  sources  conceivable  from  which 
the  sun  could  have  derived  his  heat.  The  one  is  gravitation^  the 
other  motion  in  space.  The  former  could  have  afforded  only 
about  20,000,000  or  30,000,000  years'  heat,  but  there  is  in  reality 
no  absolute  limit  to  the  amount  which  may  have  been  derived  from 
the  latter  source,  for  the  amount  generated  would  depend  on  the 
velocity  of  motion.  And  when  we  take  into  consideration  the 
magnitude  of  the  stellar  universe,  the  difference  between  a  motion 
of  202  miles  per  second,  and  one  of  1,700  miles  to  a  great  extent 
disappears,  and  the  one  velocity  becomes  about  as  probable  as 
the  other. 

It  may  be  urged  as  an  objection  to  the  theory  that  we  have  no 
experience  of  bodies  moving  in  space  with  such  enormous  veloci- 
ties as  the  above.  This  objection,  for  the  following  reason,  is  of 
no  weight. 

No  body  moving  with  a  velocity  exceeding  400  miles  per  second 
oonld  remain  a  member  of  our  solar  system ;  and  beyond  our  sys- 
tem there  is  nothing  visible  but  the  stars  and  nebulse.  These 
stars,  however,  are  suns  like  our  own,  and  visible  because,  like  the 
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Bun,  they  have  lost  their  motion — the  lost  motion  being  the  origin 
of  their  light  and  heat.  Bodies  moving  in  stellar  space  with  these 
enormous  velocities  can  have  neither  light  nor  heat,  and,  of  course, 
must  be  invisible  to  us.  They  must  first  lose  their  motion  before 
the  kinetic  energy  in  the  form  of  motion  can  be  transforme<l  into 
light  and  heat,  so  as  to  constitute  visible  suns. — N(Xturey  Jan.  10, 
1878. 

2.  Photographs  at  the  Cordoba  Observatory, — Professor  B.  A. 
Gould,  Director  of  the  Observatory,  in  an  Address  delivered  on 
the  occasion  of  receiving  from  the  Governor  of  the  Province  of 
Cordoba  the  premiums  awarded  at  the  Philadelphia  Centennial 
Exhibition  to  the  Observatory  for  Lunar  and  Stellar  Photographs, 
makes  the  following  statements  respecting  the  photographic  work 
of  the  Observatory.  **A11  the  photographs  have  been  made  upon 
plates  of  glass  twelve  centimeters  long  by  nine  broad,  the  images 
of  the  moon  being  8*52  centimeters  in  diameter  before  enlarge 
ment.  The  photographs  of  the  moon  at  the  full,  and  in  the  last 
quarter,  may,  I  think,  be  favorably  compared  with  any  I  have 
seen  of  these  phases;  and  the  enlargements,  forty-eight  centimeters 
in  diameter,  being  printed  in  carbon,  can  never  fade.  Mr.  Ruther- 
turd's  photograph  of  the  first  quarter  is  more  sharply  defined  than 
ours,  and  will  probably  long  continue  to  claim  the  palm.  ♦  *  ♦ 

''  Much  of  the  credit  of  the  stellar  photographs  is  due  to  the 
pure  air  of  Cordoba,  which  is  incredibly  transparent  on  those  not 
very  numerous  occasions  when  the  sky  is  truly  clear.  The 
impressions  on  glass  which  I  exhibited  were  of  six  different 
clusters;  the  plate  of  the  cluster  X  Carinae,  containing  two 
images  each  of  1 85  stars,  and  that  of  £^a  Argita,  or  Ma  Carina^ 
as  we  now  call  it,  containing  180.  I  think  there  can  be  no  reason- 
able doubt  that  many  of  the  stars  there  depicted  are  quite  as 
faint  as  the  ninth  magnitude ;  and  I  have  the  satisfaction  of  adding 
that  upon  other  photographs,  obtained  since  then,  there  are 
images  of  stars  much  fainter  still,  but  how  much,  I  am  as  yet 
unprepared  to  state.  Since  it  is  important  that  all  the  images 
should  be  perfectly  round,  without  the  slightest  perceptible  elon- 

S Ration,  ana  since  each  of  the  two  exposures  should  sometimes  he 
or  as  much  as  ten  minutes,  during  which  period  the  motion  of 
the  telescope  must  not  deviate  appreciably  from  that  of  the  star 
in  its  diurnal  motion,  the  prepared  collodion  thus  requiring  its 
full  sensitiveness  for  something  like  twenty-two  minutes  in  the 
excessively  dry  atmosphere  of  Cordoba,  it  will  be  seen  that  the 
problem  has  not  been  without  its  difficulties. 

"  We  have  already  secured  measurable  photographic  impressions 
of  not  less  than  eighty-four  celestial  objects,  of  which  nineteen 
arc  double  stars,  and  the  remainder  clusters ;  so  that,  even  Hhould 
the  undertaking  remain  paralyzed  in  its  present  state,  the  results 
may  be  regarded  as  richly  worth  the  labor,  money,  and  perhaps 
even  the  other  sacrifici'S,  that  they  have  cost.  I  may  add  that 
the  planets  Jupiter^  Mars  and  Saturn  have  likewise  been  photo- 
graphed with  sufficient  distinctness  to  show  clearly  the  aetails 
of  light  and  color  on  the  surfaces  of  the  two  former,  and  the 
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existence  of  the  ring  in  the  latter;  but  these  images  have  not 
been  sufficiently  sharp  to  permit  of  successful  photographic 
enlargement.'^ 

3.  Moan^s  Zodiacal  Light;  note  by  K  S.  Hold  en.  From  a 
letter  to  the  Editors,  dated  Naval  Observatory,  Washington, 
D.  C,  February  4,  1878. — In  your  Journal  for  February,  1878,  p. 
88,  is  a  note  by  M.  Trouvelot,  on  *'  the  Moon's  Zodiacal  Light,"  m 
which  he  describes  a  conical  luminous  appendage  about  4^°  lon^, 
extended  on  both  sides  of  the  moon,  which  was  seen  by  him  April 
3,  1874. 

In  this  connection  an  observation  of  a  similar  phenomenon  by 
Messier,  in  the  M^moires  de  I'Academie  Royale  des  Sciences,  1771, 
p.  434,  is  noteworthy.  In  this  memoir,  Siessier  gives  a  rough 
wood-cut  of  its  appearance,  from  which  its  length  on  each  side  of 
the  moon  is  shown  to  be  about  2i°. 

The  condition  of  the  sky,  as  described  by  Trouvelot  and  Mes- 
sier, appears  to  have  been  the  same. 

In  the  Comptes  Rendus,  July  2,  1877,  p.  44,  M.  Hugo  describes 
a  similar  phenomenon  which  he  saw  above  the  lunar  disc,  about  4^ 
in  length,  and  in  this  case,  also,  the  sky  appears  to  have  been  sim- 
ilarly affected.    These  are  the  only  cases  Known  to  me. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Address  of  the  President  of  the  R<>y^  Society^  at  the  Anni- 
versary Meeting,  November  80,  1877. — 'Die  first  part  of  the  ad- 
dress relates  to  the  affairs  and  operations  of  the  society  during 
the  past  year.  Afler  an  account  of  the  present  constitution  and 
condition  of  the  Meterological  Council,  and  a  reference  to  an  anti- 
cipated re-constitution  of  "  a  National  Meterological  Office  under 
the  undivided  control  of  a  man  of  high  scientific  attainments," 
also  with  some  remarks  on  the  report  of  the  Naturalists  of  the 
Venus  Transit  expedition  to  Rodriguez  and  Kerguelen  Island, — 
"The  President  passed  on  to  a  review  of  the  scientific  results 
of  the  Polar  expedition,  which  he  said  in  his  judgment,  especially 
the  biological  results,  appeared  to  have  quite  come  up  to  our  ct- 
pectations.  Considering  that  but  one  season  was  available  for 
collecting  and  observing  (and  we  all  know  how  shoi*t  that  is  m 
the  arctic  regions),  the  results  are  indeed  most  creditable  to  the 
gentlemen  who  contributed  them.  Geology  has  proved  by  far 
the  most  prolific  field  of  research.  Perhaps  Botany  comes  next. 
The  researches  in  this  department  and  tne  insects,  which  have 
been  worked  up  by  Mr.  M'Lachlan,  prove  that  between  80°  and 
83°  N.,  in  Grinneirs  Land,  the  conditions  for  the  existence  of  these 
organisms  are  far  more  favorable  than  are  those  of  lands  a  long 
way  to  the  southward.  The  flora  of  the  series  of  channels  between 
80  and  83°  N.,  the  shores  of  which  have  been  botanized  by  the 
officers  of  the  Polar  Expedition,  has  yielded  upward  of  seventy 
flowering  plants  and  ferns,  which  is  a  much  greater  number  than 
has  been  obtained  from  a  similar  area  among  the  polar  islands  to 
the  south  westward,  and  is  unexpectedly  large.     All  are  from  a 
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much  higher  latitude  than  has  elsewhere  been  explored  botanically, 
except  the  islets  off  the  extreme  north  of  Spitzbergen.  The  spe- 
cies are,  with  two  single  exceptions,  all  Greenlaudic.  Spitzbei^n, 
altogether  to  the  south  of  these  positions,  contains  under  one 
hundred  flowering  plants  and  ferns,  though  its  west  eoast  is 
washed  by  the  Gulf  Stream,  and  its  shores  have  been  diliTOntly 
explored  by  many  trained  collectors.  Its  north  coast  has  yielded 
fewer  plants,  and  no  less  than  fifteen  of  the  plants  collected  by 
the  Expedition  have  not  been  found  anywhere  in  Spitzbergen. 
Contrasted  with  Melville  Island,  in  lat  75°  N.,  and  Port  Kennedy, 
in  72""  N.,  the  contrast  is  even  more  striking,  these  well-hunteii 
spots,  both  so  much  farther  south,  yielding  only  sizty-eeven  and 
nily-two  species  respectively.  This  extension  of  the  Greenland 
flora  to  so  very  high  a  latitude  can  only  be  accounted  for  by  the 
influence  of  warm  currents  of  air,  or  by  the  air  being  warmea  by 
oceanic  currents  during  some  period  of  the  summer ;  and  we  look 
with  great  interest  to  the  meteorological  observations  made  dar- 
ing the  voyage,  which  are  being  discussed  by  Sir  George  Nares, 
who  hopes  to  have  them  completed  in  a  couple  of  months.  The 
obsen'ations  on  the  temperature  of  sea-water  will,  he  expects,  give 
new  iuformation ;  and  great  interest  is  attached  to  the  study  of 
certain  warm  gales  and  warm  currents  that  were  experienced  in 
lat.  82°  and  83®  N.  May  not  these  phenomena  of  vcTCtation  and 
temperature  indicate  the  existence  of  large  tracts  of  land  clothed 
with  vegetation  in  the  interior  of  Greenland,  far  within  the 
mountain  ranges  of  its  ice-clad  coast,  and  protected  by  these  from 
the  heavier  snow-falls,  and  hence  from  the  accumulation  of  glacial 
ice  that  surrounds  it  on  all  sides  ?  Professor  Heer,  of  Znridi,  has 
examined  the  fossil  plants,  the  most  important  of  which  are  those  he 
states  to  be  of  Miocene  age.  There  are  twenty-five  identifiable  spe- 
cies, of  which  all  but  one  have  been  found  also  in  Spitsbergen. 
This  tracing  the  Miocene  flora  so  far  to  the  northward  was  one 
of  the  principal  scientific  objects  to  be  accomplished  by  the  Polar 
Expedition ;  and  the  fact  that  its  character  continues  to  be  neither 
Polar  nor  Arctic,  but  temperate,  supports  the  hypothesis  that 
during  the  era  in  question  a  vegetation  analogous  to  that  now  in- 
habiting the  temperate  latitudes  entirely  capped  the  North  Polar 
area  of  the  globe.  Mr.  Etheridge  has  worked  at  the  very  valuable 
collection  of  Paleozoic  fossils,  procured  by  Captain  Fielden,  and 
these,  with  the  Miocene  and  Post-pliocene,  fossils,  have  thrown 
more  light  on  the  former  conditions  of  the  circumpolar  regions 
than  perhaps  all  those  of  previous  expeditions.''     *     ♦     ♦ 

A  reference  is  made  to  the  Challenger  Expedition  and  its  scien- 
tific collections.  As  to  the  study  of  the  latter,  it  is  remarked  that 
"  Sir  W.  Thomson  has,  with  the  approval  of  the  Council  and  the 
Government,  chosen  for  his  collaborators  the  ablest  living  special- 
ists, and  this  irrespective  of  their  nationality.  It  is  creditable  to 
our  country  that,  with  but  few  exceptions,  it  has  supplied  entirely 
competent  and  willing  workers  in  most  of  the  departments,  while 
their  association  with   such  naturalists  as  Agassiz  and   Hseckel 
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;  fi&il  to  be  gratifying  to  themselves  and  assuring  to  the 

»    *    *    « 

» 

remainder  of  the  President's  address  was  occupied  with 
ice  to  some  of  the  American  institutions  he  visited  during 
tent  tour,  followed  by  some  remarks  on  the  flora.  These  he 
in  more  of  a  narrative  form  than  characterized  the  formal 
)  of  the  earlier  part  of  the  address.  Harvard  College  Ob- 
ory  is  particularly  mentioned,  and  a  gratifying  account  of 
rk  under  the  new  Director  is  given,     llie  very  limited  time 

President's  command  prevented  him  from  visiting  other 
can  observatoi-ies  or  similar  institutions.  The  same  was  the 
8  to  the  natural  history  museums  generally.  In  fkct  bis 
time  was  given  to  field-work  in  the  re^on  west  of  the  Great 
The  commendation  of  the  U.  S.  scientific  surveys  would 
iCss  have  been  extended  to  other  examples,  except  that  the 
re  so  highly  and  justly  praised  was  the  only  one  which  the 
ent  had  had  the  opportunity  to  become  personally  acquainted 

le  next  subject  referred  to  was  the  United  States  scientific 
'8,  of  which  none,  the  President  said,  has  efiected  so  much 
?nce  as  that  directed  by  Dr.  Hayden.  Its  publications,  dis- 
*d  with  great  liberality,  are  in  every  scientific  library, 
a  sketch  of  the  history  of  the  surveys,  the  President  con- 
, — The  most  important  scientific  results  hitherto  derived 
he  labors  of  Dr.  Hayden  and  his  parties  are  unquestionably 
ological :  such  as  the  delineation  of  the  boundaries  of  the 
leous  and  Tertiary  seas  and  lakes  that  oci'upied  more  than 
asin  of  the  mountains  of  Central  North  America,  the 
t  shores  of  which  have  yielded  a  marvelous  accuroulatioi\ 
lil  vertebrates.     Over  an  area  of  many  hundred  thousand 

miles  in  North  America  there  have  been  found,  within  the 
5ry  few  years,  beds  of  great  extent  and  thickness,  of  all 
rom  the  Trias  onward,  containing   the  well-preserved  re- 

of  so  CTcat  a  multitude  of  flying,  creeping,  and  walking 
,  referable  to  so  many  orders  of  plants  and  animals,  and 
»f  such  gigantic  proportions,  that  the  paleontologists  of  the 

with  museums  vastly  larger  than  our  own,  are  at  a  loss 
kce  to  exhibit  them.  So  common  indeed  are  some  of  these 
IS,  and  so  beautifully  preserved,  that  numbers  of  them, 
lily  insects,  plants  and  fishes,  are  exposed  for  sale  with  con- 
ery  and  fruit  at  the  stalls  of  the  railway  stations,  from  the 
1  base  of  the  Rocky  Mountains  all  the  way  to  California, 
e  eagerly  purchased  by  travelers.  An  examination  of  some 
)c  fossils  has  yielded  the  important  fact  that  in  North 
3a  there  is  no  recognized  break  between  the  Cretaceous  and 
ry  beds,  a  vast  lignitic  series  occupying  a  position  that  has 
een  disputed,  and  the  evidence  of  whose  fossils  is  yery  con- 
f.  In  respect  of  this  bed  Dr.  Hayden,  who  has  traced  it 
lany  hundred  miles,  observes  that  the  character  of  its  pale- 
^cal,  as  well  as  of  its  strictly  geological  contents  is  such, 
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that  it  18  not  a  matter  of  importance  whether  the  entire  group 
be  placed  in  the  lower  Tertiary  or  apper  Cretaceous ;  and  it  is 
most  probable  that  the  testimony  of  paleontologists  will  always 
be  as  conflicting  as  it  is  at  present.  Professor  Marsh,  one  of  the 
highest  authorities  in  America,  has  not  found  that  even  fossil  ani- 
mals afford  a  satisfactory  solution  of  the  difficulty.  *  Invertebrate 
remains,'  he  says,  ^  throw  little  lischt  on  the  question  ;'  and  he  is 
obliged  to  assume  that  ^  the  line,  if  line  there  be,  must  be  drawn 
where  the  dinosaurs  and  other  Mesozoic  vertebrates  disappear, 
and  are  replaced  by  the  mammals,  henceforth  the  dominant  type.' 
In  reference  to  the  disputed  horizons  of  the  Cretaceous  and  Elocene 
beds,  he  concludes  that  plants  afford  unsatisfactory  measures 
of  geological  time — an  opinion  which  I  had  long  ago  expressed. 
We  are  also  agreed  as  to  a  chief  cause  of  this  being  the  compara- 
tively low  organization  of  plants,  which  are  hence  less  subject  to 
the  influences  of  environing  conditions ;  to  which  cause  might  be 
added,  almost  as  a  corollary,  the  feeble  conflict  among  the  mem- 
bers of  the  vegetable  kingdom  as  compared  with  the  animal,  their 
stationary  habits,  and  that  consequent  duration  of  similar,  if  not 
identical,  forms,  through  long  geological  ages,  which  has  always 
appeared  to  me  to  be  one  of  the  most  signal  characteristics  of  the 
early  condition  of  the  higher  plants  as  compared  with  the  higher 
animals.  Other,  and  perhaps  even  more  sufficient,  reasons  for 
plants  being  so  little  satisfactory  is  that  their  reproductive  organs, 
those  upon  which  the  classification  is  principally  based,  are  rarely 
preserved,  and  seldom  in  connection  with  the  vegetative  organs, 
which  are  abundantly  preserved ;  and  that,  with  regard  to  these) 
the  vegetative  organs,  their  prevalent  and  best  preserved  charac- 
ters, outlines  and  venation,  vary  in  individual  species  to  a  surpris- 
ing degree,  and,  being  repeated  in  groups  otherwise  in  no  way 
related,  become  too  often  fallacious  guides.  Another  result,  fore- 
told in  respect  of  other  organisms,  but  ably  worked  out  by  Pro- 
fessor Marsh  in  respect  of  the  vertebrates,  is  that  all  the  Tertiary 
beds  of  North  America — Eocene,  Miocene  and  Pliocene — are  of 
older  data  than  the  corresponding  ones  in  Europa  This,  though 
apparently  supported  by  his  conclusions  that  the  main  migrations 
of  animals  was  from  the  American  to  the  Asiatic  continent  (which 
he  deduces  from  the  American,  as  compared  with  the  European, 
life-histories  of  the  Edentata,  Marsiipialia,  Ungulata,  Hodentia, 
(/arnivora  and  even  Primates,  is  a  very  bold  generalization. 
Without  presuming  to  question  the  abundance  and  teachings  of 
the  American  data,  I  cannot  but  think  that  his  conclusion  as  re-, 
gards  migration  is,  in  the  present  state  of  paleontology,  prema- 
ture, especially  under  our  almost  absolute  ignorance  of  the 
vertebrate  fossils  of  the  continents  of  Asia  and  Africa."  *  ♦  • 
A  reference  is  made  to  "a  few  of  the  magnificent  collections  of  veg- 
etable remains,  Cretaceous  and  others,  that  have  been  studied  and 
published  by  Mr.  Leo  Lesquereux  in  various  reports  of  the  United 
States  Geological  Survey,  and  in  separate  works  issued  under  its 
auspices ;"  and  a  series  of  critical  remarks  upon  vegetable  pale- 
ontology and  its  peculiar  difficulties  and  liabilities  follow.     We 
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have  not  room  for  these,  nor  for  the  concluding  portion  of  the 
address,  which  gives  in  hrief  summary  the  impressions  in  regard 
to  the  flora  of  the  country, — the  result  of  personal  observation 
during  a  rather  rapid  but  favorably-circumstanced  reconnoissance 
from  the  Atlantic  to  the  Pacific.  We  add  merely  the  final  para- 
graph of  the  address^ 

**"  I  mast  not  close  my  notice  of  some  of  the  labors  of  our  scien- 
tific brethren  in  the  United  States  without  expressing  my  admira- 
tion of  the  spirit  and  the  manner  in  which  the  Government  and 
people  have  codperated  in  making  known  the  physical  and  bio- 
logical features  of  their  country,  and  my  conviction  that  the 
results  they  have  given  to  the  world  are,  whether  for  magnitude 
or  importance,  greater  of  their  kind  than  have  been  accomplished 
within  the  same  time  by  any  people  or  Government  in  the  older 
continents.  How  great  would  now  be  our  knowledge  of  the  cli- 
mate and  natural  features  of  India  had  its  trigonometncal  or 
revenue  surveys  been  carried  out  in  the  same  catholic  spirit? 
And  what  scientific  literature  can  England  and  its  colonies  show 
to  compare  with  that  of  the  United  States  surveys  ?'' 

These  extracts  were  taken  from  the  report  in  the  Times  news- 

eper,  of  November  30,  in  advance  of  the  official  copy  in  the 
>yal  Society's  Proceedings. 

2.  ObtervcUiona  on  Hermetically'Sealed  Flasks  opened  on  the 
AIpB.  In  a  letter  to  Professor  Huxley,  from  Professor  Tyndall, 
dated  Alp  Lusgen,  September  18th,  1877. — Though  the  question 
of  ^^  Spontaneous  Generation ''  is,  I  believe,  practicallv  set  at  rest 
lor  the  scientific  world,  vou  may  possibly  deem  the  following  facts 
of  sufficient  interest  to  be  communicated  to  tbe  Royal  Society. 

I  brought  with  me  this  year  to  the  Alps  sixty  hermetically- 
sealed  fli^s,  containing  infusions  of  beef,  mutton,  turnip  and 
cnc^omber,  which  had  been  boiled  for  five  minutes  in  London  and 
sealed  during  ebullition.  They  were  packed  in  sawdust,  and  when 
opened  at  Bel-alp  the  drawn-out  and  sealed  ends  of  six  of  them 
were  found  broken  ofll  These  six  flasks  were  filled  with  organisms, 
while  the  remaining  ones  were  pellucid  and  free  from  life. 

Two  or  three  of  them  were  subsequently  broken  by  •accident, 
but  for  six  weeks  fifty  of  the  flasks  remainea  perfectly  clear. 

At  the  end  of  this  time  I  took  twenty-three  of  them  into  a  shed 
containing  some  fresh  hay,  and  there  snipped  off  their  sealed  ends 
with  a  pair  of  pliers.  The  air  of  the  hay-loft  entered  to  fill  the 
vacuum  produced  by  the  boiling  in  London.  Twenty-seven  other 
flasks  were  taken  immediately  afterward  to  the  edge  of  a  declivity, 
which  might  almost  be  called  a  precipice,  with  a  fall  of  about  a 
thousand  feet.  A  gentle  breeze  was  blowing  frotn  the  mountains, 
which  were  partly  snow-covered  and  partly  of  bare  rock,  toward 
the  precipice.  Taking  care  to  cleanse  my  pliers  in  the  flame  of  a 
spint-lamp,  and  to  keep  my  body  to  leeward  of  the  flasks,  I 
snipped  on  their  sealed  ends. 

The  two  groups  of  flasks  were  then  placed  in  our  own  little 
kitchen,  where  the  temperature  varied  from  about  65**  to  90° 
Fahrenheit. 
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Result : — Twenty-one  of  the  twenty-three  flasks  opened  on  the 
hay-loft  are  filled  with  organisniB ;  two  of  them  remain  clear. 

All  the  flasks  opened  on  the  edge  of  the  precipice  remain  as 
clear  as  distilled  water.     Not  one  of  them  has  eiven  way. 

This  is  a  striking  confirmation  of  the  experiments  of  Pasteur 
upon  the  Mer  de  Glace. — Proc,  Roy,  Soc,^  No.  184. 

3.  Researches  on  the  JSffect  of  Light  upon  BtMcteria  and  other 
Organisms;  by  Arthur  Downes,  M.D.,  and  Thos.  P.  Blunt,  M.A. 
— The  authors,  after  giving  the  details  of  their  careful  and  ex- 
tended observations  announce  the  following  conclusions. — The 
deductions  which  we  draw  from  these  simple  experiments  may  be 
summed  up  as  follows : — 

(1.)  Light  is  inimical  to  the  development  of  Bacteria  and  the 
microscopic  fungi  associated  with  putrefaction  and  decay,  its  action 
on  the  latter  organisms  being  apparently  less  rapid  than  upon  the 
former. 

(2.)  Under  favorable  conditions  it  wholly  prevents  that  develop- 
ment, but  under  less  favorable  it  may  only  retard. 

(3.)  The  preservative  qualitv  of  light,  as  might  be  expected,  is 
most  powerful  in  the  direct  solar  ray,  but  can  be  demonstrated  to 
exist  m  ordinary  diffused  daylight 

(4.)  So  far  as  our  investigation  has  gone  it  would  appear  that 
it  is  chiefly,  but  perhaps  not  entirely,  associated  with  the  actinic 
rays  of  the  spectrum. 

(5.)  The  fitness  of  a  cultivation-liquid  to  act  as  a  nidus  is  not 
impaired  by  insolation. 

(6.)  The  germs  originally  present  in  such  a  liquid  may  be  wholly 
destroyed,  and  a  putrescible  fluid  perfectly  preserved  by  the  un- 
aided action  of  light. 

Although  there  are  many  vital  phenomena,  both  of  plant-life 
and  of  animal,  whether  in  health  or  disease,  to  the  eluciaation  of 
which  may  be  applied  this  quality  of  light  (now  demonstrated,  so 
far  as  we  are  aware,  for  the  first  time),  we  have  endeavored  in  this 
paper  to  cou6nc  ourselves  to  the  plain  facts  of  our  observations, 
and  have  studiouslv  avoided  speculation  and  theory.  We  cannot, 
however,  refrain  from  offering  one  comment  on  the  striking 
antagonism  between  these  facts  and  many  views  that  have  hitherto 
prevailed  on  the  relation  of  light  to  life.  This  relation  has  been 
principally  investigated  as  regards  the  chlorophyl-cell ;  but  chlo- 
rophyl  may  be  regarded  as  simply  an  organ  of  nutrition  adapted 
to  special  circumstances,  and  differing  essentially  in  its  vital  phe- 
nomena from  the  true  cellular  tissue  of  the  plant  and  its  proto- 
plasmic contents. 

It  appears  to  us  that  the  organisms  which  have  been  the  snbject 
of  our  research  may  be  regarded  simply  as  individual  "cells"  or 
minute  protoplasmic  masses  specially  fitted  by  their  transparency 
and  tenuity  for  the  demonstration  of  physical  and  other  influences. 
May  we  not  expect  that  laws  similar  to  those  which  here  manifest 
themselves  may  be  in  operation  throughout  the  vegetable,  and 
perhaps  also  the  animal,  kingdom  wherever  light  has  direct  access 
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protoplasm  ?  On  the  one  band  we  have  chlorophyl,  owing  its 
ly  existence  to  light,  and  whose  functions  are  deoxidizing; 

the  other  the  white  protoplasm,  or  germinal  matter,  oxidizing 

its  relations,  and  to  which,  in  some  of  its  forms  at  least,  the 
lar  rays  are  not  only  non-essential,  but  even  devitalizing  and 
jurious. 

This  suggestion  we  advance  provisionally  and  with  diffidence ; 
r  do  we  wish  to  imply  that  the  relations  of  light  to  protoplasmic 
itter  are  by  any  means  so  simple  as  might  be  inferred  from  the 
ove  broad  statement. 

To  this  the  following  is  added  by  the  authors  as  the  inference 
nm  other  experiments  described  in  a  postscript. 
This  remarkable  fact,  then,  appears  to  follow  as  a  deduction, 
at  a  vacuum  (or  approximation  to  such)  which  of  itself  is  a 
ndition  antagonistic  to  the  development  of  Bacteria^  neverthe- 
IB  shields  these  organisms  from  the  germicidal  effect  of  light* 
'oc  Roy.  Soc.y  No.  184. 

4.  Mtpejidiiures  for  Uhiversitiei  in  Germany, — Some  inter- 
ting  details,  on  the  ex^ntributions  of  the  State  to  the  univer- 
ies,  as  well  as  on  other  points,  were  given  in  a  recent  num- 
r  of  the  Academy  by  Professor  Ray  Lankester : — 
"The  sum  expended  by  the  North  German  States  on  the  twenty 
iversities  belonging  to  them  is  annually  more  than  £500,000. 
le  Imperial  Government  has  expended  upon  the  new  Univeraity 

Strassburg  alone  £70,000  in  one  year.  The  University  of 
ipng  alone  receives  annuallv  from  the  Saxon  Government  over 
0,000.  There  are  eight  universities  in  North  Germany  which 
s  little,  if  at  all,  less  costly,  and  there  are  eleven  of  smaller  size 
lich  receive  each  from  £8,000  to  £20,000  annually. 
"  In  North  Germany  there  is  one  university  to  every  two  million 
labitants ;  in  Austria  there  is  one  to  every  five  million ;  in 
ritzerland  one  for  each  million ;  in  England  one  to  every  seven 
llions.  In  the  twenty  North  German  universities  there  are  1 ,250 
ofe8sors.f  In  the  British  Islands  we  ought  to  have  sixteen 
iversities  and  1,000  professorships  in  order  to  come  up  to  the 
me  level  in  this  respect  as  North  Germany.  The  stipend  (apart 
»m  fees)  of  a  professor  in  a  German  university  ranges  from 
00  to  £600  a  year.  As  a  rule,  at  the  age  of  five-and-thirty,  a 
m  in  this  career  may  (in  Germany)  count  on  an  assured  in- 
me  of  £400  a  year  (with  retiring  pension).     The  expenditure 

attendants,  libraries,  laboratories  and  officials  may  be  calcu- 
«d  as  being  (in  a  well-conducted  university)  more  than  equal 
amount  to  the  total  of  the  professor^s  stipends.  Taking  the 
erage  Grerman  professorial  stipend  at  only  £200  a  year,  we  find 
ftt  £250,000  must  be  spent  annually  on  this  item  alone  in  the 
>rth  German  States. 

'^In  order  to  equip  and  carry  on  sixteen  universities  in  this 
antry  which  should  boar  comparison  with  the  German  universi- 

^  We  wish,  howeyer,  to  make  it  dear  that  we  by  no  means  insist  on  this  ez- 

nation ;  the  facts,  indeed,  admit  of  other  explanations. 

'  «L  &,  We  presume  professois  strictly  so-called,  exclusive  of  **priyat-dooenten." 
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tieg,  we  require  not  less  than  an  immediate  ezpenditnre  of 
£1,000,000  sterling  in  building  and  apparatus,  and  an  annual  ex- 
penditure of  from  £500,000  to  £800,000." 

When  we  add  to  the  Government  subsidy  the  income  of  the 
universities  from  other  sources,  the  sum  is  enormously  increased. 
The  half-million,  moreover,  does  not  include  the  occasional  grants 
of  the  Government  for  special  purposes.  Some  idea  of  the  mag- 
nificence of  these  was  shown  in  our  recent  "  University  Intelli- 
gence,'' where  it  was  stated  that  in  the  budget  submitted  to  the 
present  Prussian  House  of  Deputies  are  the  following  items: — 
Erection  of  the  German  Industrial  Museum,  998,000  mk. ;  erection 
of  a  Polytechnic  in  Berlin,  8,393,370  mL;  erection  of  an  Ethno- 
logical Museum  in  Berlin,  1,800,000  mk. ;  and  for  the  Berlin  Uni- 
versity, erection  of  an  Herbarium,  422,000  mk. ;  of  a  Clinic, 
1,955,000  mk. ;  of  a  new  building  for  a  second  Chemical  Labora- 
tory, as  well  as  of  a  Technical  and  Pharmaceutical  Institute, 
967,000  mk. 

Of  the  nature  and  extent  of  the  scientific  teaching  in  Grerman 
universities  some  idea  may  be  formed  from  the  subjects  repre- 
sented by  the  teaching  staff  at  Berlin,  which  may  fairly  be  taken 
^s  a  type*  of  the  whole.  In  Berlin  then  we  find  that  therie  are 
(excluaing  the  privat-docenten)  five  professors  of  mathematics,  two 
of  astronomy,  seven  of  chemistry,  five  of  physics,  three  of  geology, 
four  of  botany,  two  of  zoology,  one  of  meteorology,  two  of  geog- 
raphy, one  of  anthropology  and  one  of  agriculture — physiology 
and  comparative  anatomy  being  well  represented  in  the  medical 
faculty,  and  we  might  well  have  included  among  teachers  of 
science  those  who  devote  themselves  to  the  scientific  investigation 
of  languages.  But  a  mere  statement  of  the  number  of  teachers 
gives  no  adequate  idea  of  the  means  at  the  command  of  a  German 
University  for  training  its  students  in  science.  The  number  of 
teachers  in  each  subject  secures  that  its  various  departments  will 
be  thoroughly  worked  out,  and  gives  a  student  a  chance  of  follow- 
ing out  any  specialty  he  may  take  up ;  this  is  made  still  farther 
possible  by  the  number  and  variety  of  institutions,  museums, 
laboratories,  collections,  &c.,  attached  to  each  university,  not  to 
speak  of  its  large  and  comprehensive  library.  In  connection  with 
Berlin  alone  there  are  twenty-three  scientific  "  Anstalten,*'  as  they 
are  called,  for  practical  investigation  in  connection  with  the  vari- 
ous faculties.  Had  we  taken  the  numerous  "  Realschulen ''  and  the 
high  and  polytechnic  schools  into  account,  where  an  education 
can  be  obtained  quite  equal  to  that  obtainable  at  most  of  oar 
universities  and  colleges,  it  would  have  been  seen  that  higher 
education  in  Germany  leaves  little  to  be  desired. — Natttrey  Dec. 
6,  p.  104. 

5.  Earthquake  of  Nov.  15,  1877. — In  addition  to  the  notice  on 
page  21  of  this  volume,  the  United  States  Weather  Review  for 
i^ovember  contains  reports  from  thirty-five  stations,  from  which  it 
appears  that  the  shock  was  felt  throughout  the  whole  of  Iowa 
and  Nebraska,  extending  also  into  Kansas  and  Missouri  on  the 
South,  and  into  Dakota  and  Minnesota  on  the  North.     In  Omaha 
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three,  and  in  North  Platte,  Lincoln  and  West  Point,  Neb.,  two 
Bhocbs  were  felt.  In  North  Platte  and  Columbns,  Neb.,  and  in 
Sioux  City,  Iowa,  walla  of  buildings  were  cracked.  The  times 
given  are  still  very  discordant,  varying  all  the  way  from  10.40 
A.  M.,  to  12.20  p.  M.,  Omaha  time.  "Die  time  at  Omaha,  11.45 
A.  M.,  is  probably  not  far  from  correct.  The  December  number  of 
Peterman's  Mittheilungen,  contains  a  long  article  on  the  Iquique 
earthquake  of  May  9,  1877,  giving  valuable  data  in  regard  to 
shock  and  ocean  wave.  c.  6.  b. 

6.  Memoirs  of  the  GeologiccU  Survey  of  India^  Paksontologia 
Indica,  Section  II,  No.  2,  contains  Jurassic  (Liassic)  flora  of 
the  Rajmahel  Group  in  the  Rajmahel  Hills,  by  Ottokab  Fbist- 
MAKTEi^  M.D.  Calcutta,  1877.  4to,  with  13  plates,  including 
descriptions  of  several  species  of  PterophyUum  and  other  Cyca- 
deoua  plants,  besides  Ferns  of  the  genera  CyclopteriSj  Pecopteris^ 
AleihopteriSy  AspleniteSy  Thinnfeidia^  etc. 

7.  Volunteer  Weather  Service. — A  Volunteer  Weather  Service 
has  been  started  in  Missouri.  It  is  undertaken  under  the  auspices 
of  Washington  University,  St.  Louis,  which  will  be  recognized  as 
the  ^^  central  station.''  The  circular  issued  is  signed  by  William 
S.  Eliot,  President  of  the  University,  and  Francis  E.  Nipher,  Pro- 
fessor of  Physics. 

8.  BeibidUer  zu  den  AnncUeti  der  Physik  und  Chemie;  Publish- 
ing House  of  Johann  Ambrosias  Barth,  Leipzig. — ^The  Annalen 
der  Physik  und  Chemie,  which  was  edited  for  upwards  of  fifty 
years  by  Professor  Poggendorff,  is  well  known  by  physicists  as 
occupying  the  first  place  among  German  Physical  Journals.  The 
BeibUlUer  form  a  supplementary  though  independent  series,  con- 
taining abstracts  of  all  physical  articles  published  in  the  proceed- 
ings of  societies,  in  scientific  journals,  or  in  other  forms,  not  only 
in  Germany,  but  also  in  all  other  civilized  countries.  The  volume 
for  the  year  1 877,  lately  completed,  is  thus  a  complete  Repertorium 
for  all  the  recent  advances  in  physical  science.  The  value  of  such 
a  summary  to  workers  in  this  branch  of  science,  to  whom  much  of 
the  literature  would  be  otherwise  inaccessible,  can  hardly  be  over- 
estimated. 

OBITXJABY. 

M.  Antoine  C£»ar  Bbcquebel  died  on  the  19th  of  January, 
at  the  advanced  age  of  ne'arly  ninety  years.  He  was  born  at 
Chatillon-sur-Loing  (Loiret)  on  the  7th  of  March,  1788.  M.  Bec- 
querel  was  educated  in  the  Polytechnic  School,  which  he  left  as 
an  engineer  officer  in  1808.  He  served  in  Spain  and  took  part  in 
several  sieges  under  the  orders  of  Marshal  Suchet.  In  1814  M. 
Becquerel  was  named  Inspector  of  the  Polytechnic  School,  and  he 
quitted  the  army  in  1815. 

M.  Becquerel  was  elected  a  Member  of  the  Academic  des  Sci- 
ences in  April,  1 829,  and  a  Corresponding  Member  of  the  Koyal 
Society  of  London  in  1837,  the  Copley  medal  being  awarded  to 
him  for  his  researches  in  electricity.  He  was  Professor  of  Physics 
in  the  Museum  d'Histoire  Naturelle.     A  large  number  of  memoirs 
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on  different  branches  of  electricity,  to  which  H.  Becqnerel  de- 
voted his  especial  attention,  will  be  found  in  the  Coraptes  Rendus 
of  the  Acaaemy  of  Sciences.  We  may  more  particularly  name 
Memoirs  sar  les  Caract^res  Optiques  des  Min^ranx  n83:«).  Sur  les 
Proprietes  £lectro-Chimiqaes  des  Corps  Simples  et  leurs  Applica- 
tions aux  Arts  (1841),  and  M^moires  sar  la  Reproduction  Arti- 
ficielle  des  Compost  Mineraux,  k  Taide  de  Courants  £lectriques 
tr^s  faibles  (1852).  His  researches  on  animal  heat,  and  other 
applications  of  physics  to  physiology,  on  which  subjects  memoirs 
will  be  found  in  the  Comptes  Rendus,  were  of  a  high  clasa. 

M.  Becquerel  was  a  voluminous  writer  on  science,  the  most 
important  of  his  works  being,  Traitc  de  r£lectricit6  et  dn  Mag- 
netisme  (1834-1840,  in  seven  vols.),  Traits  d^Electro-Chimie,  and 
his  Traite  de  Physique  appliquee  k  la  Chimie  et  aux  Sciences 
Naturelles.  Beyond  these  he  published,  in  connection  with  his 
son,  M.  Edmund  Becquerel,  several  works  on  meteorology,  on 
agricultural  chemistry,  on  the  influences  of  forests  on  climate,  and 
on  the  several  divisions  of  electrical  science,  to  which  the  &ther 
and  son  had  devoted  the  largest  portion  of  their  lives. — AiheruBum^ 
Jan.  26. 

M.  Rbgnault. — M.  Henri  Victor  Regnault  died  at  Paris,  almost 
simultaneous! V  with  M.  Becquerel,  on  the  2lBt  of  January. 

M.  Regnault  was  born  on  the  2 1st  of  July,  1810,  at  Aix-la- 
Chapelle  He  was  a  student  of  the  Polytechnic  School,  and 
shortlv  after  leaving  that  school  he  became  Ingenieur  en  Chef 
des  Aunes.  In  1840  he  became  Professor  of  Physics  in  the 
College  of  FraDce  and  of  Chemistry  in  the  Polytechnic  School 
In  the  same  year  he  was  elected  a  Member  of  the  Academic  des 
Sciences,  and  in  1854  he  became  Director  of  the  Manufactory 
of  Porcelain  at  Sevres.  In  1852  M.  Regnault  was  elected  a 
Foreign  Member  of  our  Royal  Society,  and  at  different  times 
the  Copley  and  the  Rumford  Medals  were  presented  to  him. 
M.  Regnault  was  also  a  Corresponding  Member  of  the  Acad- 
emies of  Berlin  and  St.  Petersburg.  In  the  Annales  de  Chimie 
et  de  Physique  and  in  the  Comptes  Rendus  des  Stances  de 
r Academic  will  be  found  numerous  memoirs  by  this  eminent 
chemist.  One  of  the  most  important  works  published  by  M 
Regnault  appeared  in  the  twentv-first  volume  of  M  ^moires  de 
TAcad^mie  des  Sciences,  under  the  title  of  Relation  des  Experi- 
ences entre prises  par  Ordre  de  M.  le  Ministre  des  Travaux  Pub- 
lics, et  sur  la  Proposition  de  la  Commission  Centrale  des  Machines 
k  Vapeur.^  These  researches  remain  a  standard  authority  upon 
all  questions  relating  to  the  theory  and  practice  of  the  use  of 
steam  as  a  motive  power. 

M  Regnault  was  the  father  of  the  celebrated  painter  who  fell, 
fighting  lor  his  country,  at  the  siego  of  Paris. 

M.  Regnault  published  a  Cours  Eli/mentaire  de  Chimie,  in  four 
volumes,  Premiere  Notions  de  Chimie,  and  a  Traite  de  Physique, 
The  Cours  Eleraentaire  has  been  translated  into  several  European 
languages,  and  the  other  works  of  M.  Kegnault  are  highly  appre- 
ciated in  this  country  as  in  France. — Ibid, 
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Art.  XXXIII. — Notice  of  New  Dinosaurian  Reptiles  ; 

by  Professor  O.  C.  Marsh. 

N  addition  to  the  Jurassic  reptiles  already  described  by  the 
ter,*  several  others  of  interest  are  now  represented  in  the 
le  Museurp.  Among  these  are  a  number  of  Dinosaurs  of 
antic  size,  and  others  of  diminutive  proportions.  Nearly  all 
from  the  Allan tosaurus  beds  of  the  Bocky  Mountains.  Most 
the  larger  specimens  belong  to  the  Adantosauridas^  a  group 
rked  by  some  interesting  characters  not  before  observed  in 
losaurs.  The  more  important  of  these  characters,  so  far  as 
present  known,  are,  the  pneumatic  cavities  in  the  vertebrae ; 
t  sacrum  with  only  three  or  four  vertebrae,  and  a  correspond- 
'  short  ilium ;  the  large  fore  limbs ;  and  the  presence  of  five 
II  developed  digits  in  both  the  manus  and  pes.  The  latter 
3  ungulate,  and  essentially  plantigrada  The  carpal  and 
sal  bones  are  not  coossified  with  the  long  bones,  and  the 
rd  trochanter  of  the  femur  is  rudimentary  or  wanting.  The 
3wn  genera  are  Atlantosaurus  (Titanosaurus),  ApatosauruSy 
I  Morosaurus  described  below. 

AtlantosauruB  imtnanisy  sp.  oov. 

Che  present  species  was  vastly  larger  than  any  land  animal 

ler  recent  or  fossil,  hitherto  described.     It  is  indicated  by 

ious  well  preserved  remains,  of  which  the  most  character- 

c  is  the  femur.     This  bone  has  no  true  head,  and  no  dis- 

3t  third  trochanter.     The  proximal  end  and  upper  half  of 

shaft  are  compressed  transversely.     The  inner  condyle  of 

distal  end  is  proportionally  large,  and  on  the  outer  one, 

fibular  ridge  is  well  marked.     This  femur  is  over  eight  feet 

inches,  or  2,600°^)  in  length.      The  transverse  diameter 

the  proximal  end   is  25   inches  (636™™),   and  the  antero- 

iterior  diameter  of  the  inner  condyle  of  the  distal   end 

18  inches  (475™").     A  comparison  of  this  bone  with  the 

lur  of  a  Crocodile  {C.  Amencanus\  would  indicate  for  the 

jil  species,  supposing  the  two  reptiles  to  have  the  same  pro- 

tions,  a  length  of  about  one   nundred   and  fifteen   feet ! 

*  This  Journal,  xiv,  pp.  87,  264,  613,  614. 
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The  other  bones  found  near  the  femur  are  proportionally 
gigantic,  one  caudal  vertebra  having  a  tmnsverse  dfiameter  of 
over  16  inches  (420*"™).  That  this  reptile  when  alive  was  near 
one  hundred  feet  in  length,  is  probable,  although  it  may  have 
been  much  less. 

The  only  remains  of  this  monster  at  present  known  are  in 
the  Yale  College  Museum.  They  are  from  the  Upper  Jurassic 
of  Colorado. 

Morosaurus  impar^  gen.  et  sp.  nov. 

This  genus  is  allied  to  Apatosaurus  and  AtlarUosaurus,  but 
may  be  distinguished  from  tnem  by  the  sacrum,  as  well  as  by 
other  characters.  The  former  has  but  three  sacral  vertebrae, 
while  the  present  genus  has  four.  The  transverse  processes 
are  vertical  plates,  except  at  their  expanded  ends,  which 
extend  below  the  inferior  surface  of  the  centra.  The  latter 
are  also  more  fully  ossified  than  in  Atlantosaurus,  The  first 
sacral  vertebra  has  its  articular  face  somewhat  convex,  while 
the  articulation  of  the  last  sacral  vertebra  is  concave. 

The  present  species  is  represented  by  various  remains,  the 
sacrum  being  most  characteristic.  Itis  principal  dimensions  are 
as  follows : 

Length  of  sacrum SSS*™"^ 

Transverse  diameter  of  anterior  articular  face 215* 

Transverse  diameter  of  posterior  articular  fisuse 190* 

Expanse  of  transverse  processes  of  second  vertebra 395* 

This  sacrum  indicates  a  reptile  at  least  twenty-five  feet  in 
length.  It  was  found  with  other  remains  in  the  Atlantosaurus 
beds  by  Mr.  S.  W.  Williston,  of  Yale  College  Museum,  to  whom 
science  is  indebted  for  many  important  discoveries  in  the 
Eocky  Mountain  region. 

AUosaurus  lucariSy  sp.  nov. 

The  peculiar  genus  named  by  the  writer  AUosaurus  proves 
to  be  very  diflferent  from  the  Dinosaurs  found  with  it,  and  to 
represent  a  distinct  family,  AHosauridce,  A  second  species,  appa- 
rently of  this  genus,  is  indicated  by  some  characteristic  remains 
among  which  is  an  anterior  dorsal  vertebra.  This  has  the  ante- 
rior articulation  of  the  centrum  somewhat  convex,  and  the  pos- 
terior face  concave.  The  sides  of  the  centrum  are  so  deeply 
excavated  that  only  a  narrow  keel  is  left  below,  and  there  are 
large  cavities  in  the  interior.  The  length  of  this  centrum  is 
gg-mra.  the  vertical  diameter  of  the  anterior  face,  81'"»">;  and 
the  width  of  this  face,  38'"".  The  articulation  for  the  rib  is  at 
the  anterior  border,  just  below  the  suture  of  the  neural  arch. 

This  specimen  is  from  the  Upper  Jurassic  of  the  Rocky 
Mountains,  and  belonged  to  a  reptile  eighteen  or  twenty  feet 
in  length. 
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Crtosaums  alrox,  gen.  et  sp.  nov. 
This  genus  is  nearly  allied  to  Dryptosaurus  {Lcelaps),  and 
was  the  carnivorous  enemy  of  the  huge  AllantoaauridcB.  It  is 
indicated  by  various  remains  in  excellent  preservation,  among 
them  the  iliura  represented  below.  The  teutli  referred  to  the 
present  species  have  the  crowns  more  or  less  trihedral,  and  the 
catting  edges  crenulated.  The  metapodial  bones  preserved  are 
elongated,  and  the  terminal  phalanges  supported  sharp  claws. 
The  vertebrae  known  are  biconcave,  and  the  terminal  caudala 
are  much  elongated. 


The  following  measurements  indicate  the  size  of  this  reptile : 

Anteroposterior  diameter  of  left  ilium ^OO*"" 

Vertical  diameter 426* 

Length  of  metatarsal  _ 277' 

Transverse  diameter  of  proximal  end 72' 

I^nsvense  diameter  of  dietal  end   79* 

Length  of  distal  candal  vertebra 78- 

Tnosverse  diameter  of  proximal  end 33- 

TiSDeverBe  diameter  of  distal  end 31' 

This  animal  was  about  twenty  feet  in  length.  The  remains 
at  present  known  are  from  the  same  horizon  as  those  above 
described,  and  were  collected  by  Mr.  S.  W.  Williston, 
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Laosayrus  eeler^  gen.  et  sp.  nov. 

The  present  genus  is  indicated  by  various  remains  of  small 
Dinosaurs,  of  two  or  more  species.  The  long  bones  are  not 
hollow  like  those  of  Nanosaurus^  but  their  walls  are  thick,  and 
the  cavities  small.  The  vertebrae  preserved  are  biconcave,  and 
the  neural  arches  loosely  united  to  the  centra  The  dorsal  and 
anterior  caudals  are  more  elongated  than  in  most  Dinosaurs. 
The  phalanges  are  so  avian  in  character,  that  they  would  read- 
ily be  taken  for  those  of  birds.  The  anterior  limbs  were  much 
smaller  than  the  posterior. 

The  following  are  some  of  the  dimensions  of  the  present 
species : 

Length  of  median  caudal  vertebra. 24'°"° 

Vertical  diameter  of  anterior  articulation 17* 

Transverse  diameter 16* 

Greatest  diameter  of  proximal  end  of  ulna 19"5 

Length  of  proximal  pnalanx  of  pes 29* 

Length  of  second  phalanx  of  pes 21* 

Length  of  third  phalanx 16. 

The  remains  at  present  known  indicate  an  animal  about  as 
large  as  a  fox.  They  are  from  the  same  horizon  as  the  species 
described  above. 

Laosauras  gracilis,  sp.  nov. 

A  second  species,  much  smaller  than  the  above,  is  represented 
by  well  preserved  remains  of  various  parts  of  the  skeleton.  Its 
size  is  indicated  by  the  following  measurements: 

Length  of  lumbar  vertebra IQ.mm 

Transverse  diameter  of  anterior  face 18* 

Transverse  diameter  of  posterior  face 17* 

Length  of  median  caudal  vertebra 16* 

Transverse  diameter  anterior  face 12* 

Greatest  diameter  of  proximal  end  of  ulna 17* 

The  present  species  is  from  the  same  locality  and  horizon  as 
the  one  above  described. 

This  reptile  is  the  smallest  known  Dinosaur,  with  the  excep- 
tion of  the  diminutive  species  of  Nanosaurus  {N  agilis  and 
N.  victor).  The  latter  genus  possesses  some  very  peculiar 
characters,  and  represents  a  distinct  family,  NanosauriwM, 

Yale  College,  New  Haven,  February,  1878. 
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Abt.  XXXIV. — On  the  Surface  Oeology  of  Southwest  Pennsyl- 
vania^ and  adjoining  portions  of  Maryland  and  West  Virginia ; 
by  John  J.  Stevenson,  Professor  of  Geology  in  the  Uni- 
versity of  New  York. 

The  following  article  contains  a  brief  summary  of  the  re- 
salts  obtained  by  me  during  three  years'  labor  in  connection 
with  the  Second  Geological  Survey  ot  Pennsylvania.  The  de- 
tailed statement  will  appear  elsewnere. 

The  area  in  which  observations  were  made  covers  in  all 
more  than  10,000  square  miles.  It  embraces  that  portion  of 
Pennsylvania  lying  south  from  the  Ohio  and  Conemaugh  Rivers 
and  west  from  the  AUeghanies ;  includes  a  large  part  of  West 
Virginia  and  Maryland  lying  on  both  sides  of  the  AUeghanies 
of  Virginia;  and  has  the  channel-ways  of  four  great  rivers,  the 
Monongahela,  Cheat,  Youghiogheny  and  Potomac,  lying  partly 
within  it. 

Along  all  the  streams  there  are  fine  terraces  covered  with  de- 
tritus containing  many  polished  fragments,  which  have  been 
transported  from  a  greater  or  less  distance ;  these  terraces  fall 
down  stream  but  not  so  rapidly  as  do  the  present  stream-beds  ; 
and  the  terraces  of  tributaries  are  continuous  with  those  of  the 
main  streams. 

A  second  series  of  benches  appears  throughout  this  whole 
r^on  and  seems  to  be  characteristic  of.  a  much  wider  area 
than  that  in  which  observations  were  mada  The  benches  of 
this  series  evidently  differ  in  origin  from  those  of  the  lower  se- 
ries ;  their  detrital  coating  contains  little  clay,  no  transported 
fragments  and  consists  almost  wholly  of  sand.  Thev  are  almost 
absolutely  horizontal ;  they  do  not  merge  into  the  lower  series, 
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Above  tide. 

1. 

2,680  feet. 

2. 

2,400     " 

3. 

2,323     " 

4. 

2,288     " 

5. 

2,063     " 

6. 

1,820     " 

7. 

1,690     " 

A.boye  tide. 

16. 

1,290  feet 

16. 

1,270     " 

17. 

1,240     " 

18. 

1,190     " 

19. 

1,180     « 

20. 

1,100     " 
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but  as  they  often  form  divides,  the  lower  series  ends  up  in  some 
member  of  the  upper.  These  horizontal  benches  begin  at  1,100 
feet  above  mean  tide;  they  line  the  mountain  slopes;  they 
curve  round  the  conical  hills,  and  oftentimes  they  are  indicated 
solely  by  the  leveled  crowns  of  the  higher  ktioba 

As  the  whole  area  lies  south  from  the  southern  line  of  north- 
ern drift,  none  of  that  material  occurs.  In  like  manner  there  is 
no  evidence  whatever  in  any  portion  of  the  region  or  at  the 
headwaters  of  any  of  the  rivers  that  glaciers  were  ever  present 

The  Horizontal  Benches. 

Benches  belonging  to  this  series  have  been  fully  recognized 
over  the  whole  area  examined.     The  altitudes  are  as  follows : — 

Above  tide. 

8.  1,570  feet 

9.  1,520     " 

10.  1,475  " 

11.  1,446  " 

12.  1,420  " 

13.  1,380  " 

14.  1,350  " 

Of  these  benches,  those  below  No.  11  were  recognized  at 
many  localities  within  an  area  of  more  than  5,000 square  miles; 
the  higher  ones  were  seen  at  widely  separated  localities,  but 
their  level  is  reached  only  on  the  sides  of  the  mountains,  or  in 
elevated  valleys  like  the  Ligonier  or  the  Salisbury  Basin.  The 
extreme  variation  in  level  is  barely  twenty  feet  in  any  case  and 
in  most  of  the  benches  the  altitude  is  accurately  the  same  at  all 
places.  No.  17  shows  a  variation  of  eighteen  feet,  and  1  am 
much  inclined  to  believe  that  I  have  confounded  two  benches 
which  are  close  together.     These  benches  are  parallel. 

The  arrangement  of  the  horizontal  benches  is  finely  shown 
on  the  National  road  between  Chestnut  Eidge  and  a  fiigh  hill 
fifteen  miles  west  from  the  Monongahela  Eiver. 

Standing  on  the  highest  point  crossed  by  that  road  between 
Chestnut  Eidge  and  the  Monongahela  Eiver,  one  finds  himself 
standing  on  an  island  of  No.  14,  or  1,850  feet  above  sea-level. 
Below  him,  an  almost  continuous  plain  of  No.  15  stretches  for 
a  long  distance  north  and  south  and  is  broken  only  by  gaps 
which  the  larger  streams  make  through  this  small  ridge  on 
their  way  to  the  Monongahela  Eiver.  He  sees  also  that  this 
plain  is  the  divide  between  two  valleys,  one  at  the  east  between 
this  and  Chestnut  Eidge,  and  the  other  at  the  west,  in  which 
the  Monongahela  flows.  The  latter  is  uninterrupted  as  far  as 
the  eye  can  reach,  but  the  foraier  is  crossed  by  strips  of  the 
main  plain  of  Brush  Eidge,  as  well  as  by  lower  benches  which 
break  its  continuity  and  convert  it  into  a  succession  of  basins. 
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From  the  summit- plain  of  this  Brush  Ridge,  the  surface  fells  off 
in  regular  steps. 

If,  now,  the  observer  turn  his  attention  to  the  region  lying 
directly  west  from  the  Monongahela  River,  he  will  see  that  No. 
15  is  a  broad  continuous  plain  bevond  that  river,  but  that  still 
farther  back  toward  the  west,  the  fourteenth  bench,  on  an  island 
of  which  he  is  standing,  forms  a  similar  plain,  while  still  farther 
back,  No.  IS,  with  an  altitude  of  1,880  feet  above  tide,  stretches 
northward  and  southward  and  is  broken  only  by  the  narrow 
valleys  in  which  the  larger  streams  flow. 

Should  the  observer's  position  be  changed  to  Hillsborough, 
fifteen  miles  west  from  the  Monongahela  Kiver,  where  the  ele- 
vation is  about  1,500  feet  above  tide,  he  will  see  that  No.  18  is 
of  great  extent  north  and  south,  while  back  of  it  the  country 
rises  to  a  still  higher  level,  again  and  again,  until  it  reaches  No. 
11  at  1,445  feet  above  tide. 

From  the  river  westward  to  Hillsborough,  or  rather  to  a 
ridge  passing  nearly  north  and  south  at  three  miles  east  from 
that  vill^e,  the  suiiace  rises  in  a  succession  of  steps  which  are 
beautiful^  marked.  From  the  hill  top  at  Hillsborough,  the 
descent  to  the  river  is  very  handsomely  shown. 

That  these  benches  are  simply  the  result  of  remodeling  val- 
leys formed  long  before  the  agent  making  the  benches  began  to 
work,  is  shown  by  the  distribution  of  the  benches  themselves  ; 
for  these  benches  line  the  sides  of  long  narrow  valleys  reaching 
far  inland  from  the  rivers,  and  breaking  through  ridges  bearing 
higher  members  of  the  seriea  The  erosion  producing  these 
valleys  began,  I  believe,  even  before  the  anticlinal  axes  had 
been  elevated  sufl&ciently  to  affect  the  topography.  The  main 
streams  of  the  present  drainage  system  break  through  all  the 
bold  axes  west  from  the  AUegnanies  of  Virginia. 

The  recent  origin  of  the  benches  is  amply  clear  from  their 
condition  of  preservation.  If  they  had  been  of  ancient  origin 
their  detrital  coat  would  have  been  removed,  for  we  cannot 
doubt  that  rain  fell  on  these  as  well  as  alonff  the  lines  of  the 
water-courses;  in  like  manner  the  crowns  of  the  hills  would 
have  been  rounded,  especially  where  the  rock  is  a  soft  shale  in- 
clined at  a  considerable  angle,  as  is  the  case  in  southern  Fay- 
ette county. 

The  whole  structure  of  these  benches  shows  them  to  be  simply 
old  beach  lines  marking  successive  stages  of  emergence  from  a 
flood  of  waters.  They  are  horizontal,  parallel,  and  are  covered 
with  detritus  derived  from  the  immediate  vicinity.  They  extend 
over  an  enormous  area  both  east  and  west  from  the  Alleghanies 
of  Pennsylvania,  which,  within  that  State  at  least,  form  the 
water  shed  between  the  Atlantic  Ocean  and  the  Gulf  of  Mexico. 

As  they  are  so  wide-spread,  it  is  impossible  to  account  for 
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them  by  the  draining  away  of  a  great  lake  or  by  the  atstion  of  a 
great  nood  sweeping  over  the  whole  region.  Thw  can  be  no 
other  than  sea-beaches,  marking  stages  in  the  withdrawal  of  the 
ocean.  This  su])position  involves  a  submergence  of  the  land  to 
a  depth  of  fully  2,600  feet,  if  we  regard  the  higher  benches  as  due 
to  the  same  cause  with  the  lower  ones,  and  the  submergence 
would  have  to  be  somewhat  greater  to  account  for  the  even 
crests  of  the  Alleghanies  and  other  ridges  of  the  Appalachian 
region  west  from  the  Blue  Bidga 

ITie  River  Terraces. 

The  persistent  terraces  are  five  in  number  and  their  relations 
are  shown  at  the  junction  of  Cheat  and  Monongahela  Rivers. 
Three  or  four  miles  north  from  the  West  Virginia  line,  they  are 
as  follows : — 

Above  river.  Above  river. 

1.  280  feet.  4.  80  feet. 

2.  210    "  6.  20    " 

3.  180    " 

The  absolute  elevation  of  the  highest  terrace  at  this  locality  is 
1,050  feet  above  tide. 

These  fall  down  stream  and  are  covered  by  detritus,  consist- 
ing of  irregularly  bedded  sand,  clay  or  gravel,  in  which  are 
transported  fragments  which  have  been  rounded  by  the  action 
of  running  water.  When  followed  up  any  of  the  smaller,  or 
for  long  distances  on  the  larger,  streams,  these  terraces  are  seen 
to  differ  in  degree  of  slope,  so  that  each  lower  one  is  merged 
into  the  next  higher  until  that,  which  at  the  mouth  of  the  stream 
is  the  river  "  bottom,"  becomes  the  only  terrace  and  at  last  is 
lost  in  the  lower  horizontal  benches  where  the  stream  takes  its 
rise. 

The  terraces  occur  at  the  same  elevation  on  both  sides  of 
streams,  being  divided  by  the  channel-way  just  as  the  present 
"  bottom  "  is  divided,  in  some  instances  a  terrace  is  wanting 
on  one  side ;  but  there  it  is  clear  enough  that  that  corrasion 
was  confined  to  one  side,  for  the  terrace  is  unusually  wide  on 
the  other.  The  same  condition  is  often  seen  in  the  flood  plain 
of  the  river  now. 

As  stated  in  my  report  for  1875,  these  terraces  are  simply 
shelves  in  the  rock  on  which  rests  a  thin  coat  of  detritus.  Mr. 
Q.  K.  Gilbert,  in  his  memoir  on  the  geology  of  the  Henry 
Mountains  (not  yet  published),  describes  similar  terraces  as  oc- 
curring there,  though  it  does  not  appear  that  they  are  found  at 
the  same  height  on  both  sides  of  the  streams. 

The  terraces  on  the  Ohio,  below  Pittsburg,  consist  largely  of 
northern  drift  brought  down  by  the  Allegheny  and  Beaver 
Rivers,  so  that  they  certainly  date  from  a  time  later  than  that 
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at  which  the  drift  was  spread  over  northern  Pennsylvania. 
Along  the  Monongahela  and  other  rivers  south  from  the  Ohio,  no 
such  material  occurs,  but  the  deposits  afford  sufficient  evidence 
of  another  kind  to  enable  us  to  fix  their  origin  within  compara- 
tively recent  times.  At  New  Geneva  on  the  Monongahela  near 
the  West  Virginia  line,  the  highest  terrace  has  a  thick  coating, 
in  which  a  layer  known  as  the  '*  swamp  clay  *'  holds  much  half 
rotted  wood,  such  as  is  frequently  seen  in  peat  bogs.  In  the 
same  neighborhood  the  third  terrace  shows  many  Unto  shells  in 
an  advanced  stage  of  decay.  A  similar  condition  exists  on  the 
same  terrace  at  Morgantown,  farther  up  the  river  in  West  Vir- 
ginia. At  Belvernon,  on  the  same  river,  near  the  northern  line 
of  Fayette  county,  this  terrace  yields  many  fragments  of  wood. 
In  this  way  it  can  be  shown  that* the  deposits  on  the  first,  third, 
fourth  and  fifth  benches  are  of  recent  origin. 

Since  these  deposits  are  of  recent  origin,  there  would  seem  to 
be  good  reason  for  supposing  that  the  valleys  through  which 
their  streams  flow  are  also  of  recent  origin,  at  least  so  much  of 
them  as  lies  below  the  level  of  the  highest  terrace.  But  it  has 
been  suggested  that  these  terraces  are  only  the  result  of  re- 
working the  sides  of  the  valleys,  which  had  been  eroded  pre- 
viously. 

The  structure  of  the  valleys  below  the  highest  terrace  is  very 
different  from  that  above  that  terrace;  for  in  the  upper  portion 
the  sides  are  gently  sloping,  whereas  below  it  they  become  steep 
at  once.  Above  the  line  of  that  terrace,  the  smaller  valleys  are 
broad  swales,  while  below  it  the  streams  flow  in  gorges.  The 
abruptness  of  this  change  from  gentle  to  steep  walls  shows  that 
the  lower  portion  of  the  gorges  was  eroded  aiter  the  upper  por- 
tion had  acquired  approximately  its  present  form.  There  is  not 
the  slightest  atom  of  evidence  to  lead  any  one  to  suppose  that 
the  valley  of  the  Monongahela  was  ever  filled  with  gravel,  and 
the  stream  now  flows  on  a  rocky  bed  from  its  source  to  within  a 
very  few  miles  of  its  mouth. 

These  river  terraces  are  relics  of  river  beds,  which  at  one 
time  stretched  across  the  valleys,  just  as  the  river  **  bottoms  " 
now  do;  and  the  valleys  below  the  line  of  the  highest  terrace 
have  been  eroded  since  the  drainage  system  was  reestablished 
by  withdrawal  of  the  ocean  below  the  lines  of  the  former 
stream  beds. 

Conclu9ion8. 

The  general  conclusions  to  which  I  have  come  are : — 1.  That 
the  erosion,  to  which  is  due  the  general  configuration  of  the 
surface  above  the  highest  river  terrace,  began  even  before  the 
elevation  of  the  anticlinal  axes  and  continued  until  the  whole 
r^on  was  submerged  in  post-glacial  time.  2.  That  the  hori- 
zontal benches  are  due  to  re-working  of  preexisting  valleys, 
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and  that  they  mark  stages  of  rest  during  emergence  of  the  con- 
tinent from  the  ocean  which  covered  it.  8.  That  the  river  ter- 
races and  the  valleys  which  they  line,  were  formed  after  the 
drainage  system  haa  been  re^tablished  by  withdrawal  of  the 
water  to  a  level  below  that  at  which  the  streams  had  previously 
flowed. 

It  will  be  seen  at  once  that  this  last  conclusion  leads  to  one 
of  wider  application. 

So  long  a  time  elapsed  between  the  beginning  of  the  drain* 
age  and  the  coming  of  the  great  flood,  tnat  deepening  of  the 
water-ways  kept  pace  only  with  the  general  wasting  of  the  adja- 
cent country,  for  we  fina  comparatively  eentle  slopes  down  to 
the  line  of  tne  highest  terrace.  But  after  tne  drainage  had  been 
recfstablished,  the  rate  of  flow' must  have  been  more  rapid  than 
previously,  so  as  to  increase  the  corrasive  power  of  the  streams 
to  far  beyond  what  it  had  been,  for  in  the  newer  portion  of  the 
valleys  the  sides  are  abrupt.  There  must  then  have  been  a 
change  of  altitude  in  respect  to  tide-level,  to  lead  to  this  in- 
creased rate  of  flow  and  the  consequent  increased  speed  with 
which  the  channel  ways  were  deepened. 

It  would  appear  then  that,  after  the  submergence  following 
the  Glacial  period,  the  continent  rose  to  a  greater  height  than  it 
had  before  the  submergence,  or  that  the  ocean  was  drawn  oS  to 
a  lower  level  than  before ;  the  result  in  either  case  being  the 
same — to  depress  the  mouths  of  the  great  rivers,  to  increase  the 
fall  of  the  streams  and  therefore  to  cause  the  rapid  deepening 
of  the  water-ways. 


Abt.  XXXV. — On  the  Drifiless  Interior  of  North  America  ;  by 

James  D.  Dana. 

1.  Driftlesa  area  of  Central  and  West- Central  North  America. 

In  the  number  of  this  Journal  for  April,  1875,*  I  have 
accounted  for  the  absence  of  the  northern  drift  from  the  interior 
of  North  America — over  the  great  region  between  Western  Iowa 
and  the  Sierra  Nevada  in  California  and  the  country  north  to 
an  undetermined  distance — on  the  ground  of  the  dryness  of  the 
climate  in  connection  with  the  heat  of  the  summer;  and  I 
referred  for  the  facts  on  the  former  of  these  points  to  Mr.  Charles 
A.  Schott's  very  valuable  memoir  on  the  "Precipitation  in 
rain  and  snow  in  the  United  States,"  published  in  1872  by  the 
Smithsonian  Institution.  As  the  subject  is  one  of  great  inter- 
est I  here  reproduce  portions  of  two  of  Mr.  Schott's  charts  (see 
beyond) ;  one  (No.  1)  giving  the  lines  of  equal  precipitation  for 

♦  Vol.  ix,  p.  312.  Further,  vol  x,  p.  386,  and  voL  xiii,  p.  80.  The  oonnection 
between  the  distribution  of  the  ice  and  the  amount  of  precipitation  is  appealed  to 
also  in  ibid.,  y,  206,  1873,  and  illustrated  from  Mr.  Schott's  chart 
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the  winter  months,  December,  January  and  February,  and  the 
Dther  (No.  2),  the  same  for  the  year.  The  number  of  inches 
along  the  course  of  each  line  is  marked  on  the  Una* 

It  will  be  observed  on  the  chart  of  the  winter  precipitation 
[No.  1)  that  the  area  of  two  inches  or  less  for  the  precipitation 
of  the  winter  months  spreads  into  Western  Iowa  and  part  of 
Minnesota.  On  Mr.  Schott's  complete  chart,  it  is  shown  to 
cover  the  whole  area  (some  mountain  ridffcs  not  being  con- 
sidered) from  Central  Kansas  nearly  to  the  Sierra  Nevada  ; 
from  Iowa  and  Minnesota  to  Salt  Lake  City ;  and  from  Minne- 
sota northward  and  westward.  The  line  of  four  inches,  as 
the  copied  portion  of  the  chart  shows,  passes  alons  the  eastern 
border  of  Kansas,  and  through  Central  Iowa  and  Wisconsin, 
and  thence  northward.  It  runs  north  of  Salt  Lake  City  near 
the  line  of  two  inches  for  150  miles,  and  thence — while  the  lat- 
ter diverges  eastward — continues  northward  along  the  summit 
of  the  mountains. 

In  contrast  with  this,  the  winter  precipitation  over  New 
England  is  8  to  12  inches ;  over  New  York,  6  to  10  inches ; 
over  Ohio  and  Indiana,  8  to  10  inches;  over  the  Southern 
States,  from  Virginia  to  Georgia  and  Louisiana,  10  to  20  inches. 

On  the  chart  No.  2  is  given  the  amount  of  annual  precipita- 
tion for  this  same  region.  While  this  amount  is  40  to  45 
inches  in  New  England ;  40  to  50  inches  from  Pennsylvania 
sonthwestward ;  and  40  to  45  over  Ohio  and  Indiana,  the  line 
of  20  inches  (half  the  average  for  New  England,  Pennsylvania, 
Ohio,  and  less  than  half  for  the  more  Southern  States)  crosses 
Western  Minnesota  and  passes  just  west  ot  Iowa;  and  the 
line  of  16  inches  enters  Minnesota.  Mr.  Schott's  chart  shows 
that  the  area  over  which  the  precipiUition  is  only  12  inches  or 
less  up  to  16  inches  embraces  (exclusive  of  parts  of  the  Rocky 
Mountain  summit  not  considered)  the  wide  area  from  the 
meridian  of  96**  in  Minnesota  and  from  that  of  98^  in  Southern 
Dakota,  to  the  meridian  of  121°  in  Oregon,  or  23  to  25  degrees 
in  latitude ;  and  from  the  meridian  of  102°  in  Nebraska  and 
E^ansas  to  Virginia  City  in  Nevada,  near  the  meridian  of  117°. 
North  of  the  ynited  States  the  lines  are  not  given  ;  but  it  is 
well  known  that  the  breadth  of  the  area  does  not  diminish  in 
that  direction. 

At  the  same  time  it  is  to  be  considered  that  the  isolhennal 
lines,  and  especially  those  of  the  summer,  bend  far  northward 
over  the  dry  region.  The  climate  consequently  would  have 
necessarily  occasioned  over  this  central  and  western  area  of  the 
continent,  onlv  a  small  amount  of  precipitation  in  the  Glacial 
era ;  and  all  the  observed  glacial  facts  prove  positively  that  it 

*  In  the  western  portions,  the  line  2  of  No.  1,  and  16,  20  and  24  of  No.  2,  are, 
according  to  Mr.  Schott,  only  approximations. 


I.  Lixw  or  Eqrjo.  Wuctek  Ibei-i 


2.  Lms  OP  Equal  Ahxdal  FsxcipnAnoN. 
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was  too  small  for  the  production  of  a  southward  moving 
glacier.  The  southwestward  direction  of  the  scratches  and  c3 
the  bowlder-movement  over  the  area  from  Wisconsin  to  Lake 
Winnipeg  not  only  sustains  this,  but  shows  also  that  tbe  ice 
had  its  greatest  height  over  the  region  of  greatest  precipitation 
somewhere  between  the  line  from  Wisconsin  to  Lake  Wmnip^ 
and  beyond,  and  that  of  the  Atlantic  coast  More  facts  are 
needed  before  the  northern  limit  of  the  glacierless  and  drifUess 
area  can  be  laid  down. 

2.  Dr^ftUss  area  in  WiacanHn, 

The  charts  accompanving  this  paper  have  been  introduced 
here  partly  to  exhibit  the  bearing  of  the  climatal  facts  on  the 
question  as  to  the  origin  of  the  "driftless  area"  in  Wisconsin, 
a  description  of  which  is  given,  from  Professor  Irving's  Report, 
on  page  61  and  beyond  of  this  voluma  "The  outline  of  this  orift- 
less  area  is  indicated  on  the  two  maps  (Nos.  1  and  2)  by  a 
dotted  line,  lettered  c,  c,  c,  c.  It  is  a  striking  fact  that  on  the 
winter  chart  (No.  1)  the  driftless  area  is  almost  wholly  in- 
cluded within  the  area  which  has  only  2  to  4  inches  for  the 
amount  of  winter  precipitation  ;  that  this  area  of  2-to-4  inches 
&11  extends  in  that  direction  like  a  deep  bay  between  areas  of 
greater  precipitation.  To  the  northeastward  of  it  the  amount 
of  precipitation  increases  from  4  to  10  inches,  the  last  being 
that  on  Keweenaw  Point,  and  southward  and  south  westwara 
over  Illinois  and  part  of  Iowa  to  6  and  8  inches.  All  of  the 
Wisconsin  driftless  area,  excepting  its  southern  portion,  is  with- 
in the  2-to-4  area.  Again,  on  the  chart  of  annual  precipitation 
(No.  2),  this  driftless  area  (excepting  its  south  end)  is  the  driest 

Eart  of  Wisconsin,  the  amount  of  precipitation  over  it  being 
elow  82  inches,  while  it  is  82  inches  or  over  to  the  northeast, 
as  far  as  Keweenaw  Point,  and  to  the  south  and  southwest. 

It  seems  therefore  probable  that  the  driftless  area  was  located 
to  a  large  degree  by  the  climate.  At  the  same  time  Professor 
Irving's  suggestion  is  needed  to  make  the  explanation  com- 
plete. For  this  area  was  not  a  continuation  southeastward  of 
the  great  central  driftless  area  of  the  continent,  as  it  is  hygro- 
metncally,  but,  on  the  contrary  it  was  wholly  surround^  by 
moving  ice;  for  the  ice  is  proved  by  bowlders  to  have  ex- 
tended on  the  v}€st  side  of  the  area  from  the  southwest  end 
of  Lake  Superior  over  Minnesota  and  Iowa,  and  even  beyond 
into  Missouri  where  large  bowlders  occur.  The  locality  of  the 
mass  of  native  copper  ifound  in  Lucas  County,  Southern  Iowa, 
is  distant  four  hundred  and  sixty  miles  from  Keweenaw  Point, 
its  probable  source.  From  Iowa  the  ice  stretched  eastward 
across  Illinois  to  the  Lake  Michigan  region. 

This  southwestward  prolongation  of  the  glacier  from  the 
western  half  of  Lake  Superior  over  a  region  as  dry  as  that  of 
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the  Wisconsin  driftless  area  appears  to  be  a  consequence,  as 
Professor  Irving  urges,  of  the  great  depth  of  the  Lake  Superior 
trough — over  a  thousand  feet  below  the  present  surface  of  the 
water — and  its  lying  in  a  southwest-by-west  (or  about  S.  55°  W.) 
direction,  which  was  nearly  that  of  the  glacier  motion  in  that 
part  of  North  America.  For  this  would  have  determined  the 
movement  of  a  ^reat  ice-mass  southwestward,  over  the  northern 
half  of  Wisoonsm,  and  over  Minnesota,  and  thence  across  Iowa, 
where  there  was  again  abundant  precipitation.  The  annual 
precipitation  is  82  to  40  inches  over  Eastern  Iowa,  Illinois,  and 
the  r^on  about  the  southern  part  of  Lake  Michigan. 

With  such  a  driftless  area  within  the  glacier  limits — an  area 
without  depth  of  ice  enough  for  movement — the  pitch  of  the 
upper  sur&ce  of  the  ice  around  it  would  have  been  quite 
various.  The  height  must  have  been  great  enough  in  the 
eastern  part  of  the  Lake  Superior  region  and  north  of 
Keweenaw  Point  to  have  determined  movement  through  Min- 
nesota and  Iowa  to  Missouri,  a  distance  of  five  hundred  miles, 
this  being  shown  by  the  bowlders  of  copper.  Whatever  the 
pitch  alon^  that  course,  it  was  twice  as  great  toward  the  Wis- 
consin drirtless  area,  since  the  northern  border  of  the  area  is 
hardly  half  as  far.  Down  Lake  Michigan  the  pitx^h  continued 
into  Illinois  and  Indiana ;  but  the  Kettle  Bange  west  of  Lake 
Michigan,  running  along  the  east  front  of  the  driftless  area, 
marks  out,  as  Professors  Chamberlain  and  Irving  show,  its 
moraine  termination  in  that  direction. 

The  eastern  parallel  branch  of  the  Kettle  Range  lying 
between  the  Green  Bav  Valley  and  Lake  Michigan,  which, 
according  to  these  geologists,  is  also  a  moraine  ridge,  is  evi- 
dence, as  they  observe,  that  at  the  time  when  it  was  formed, 
the  glacier  of  Green  Bay  Valley  was  distinct  from  that  of 
Lake  Michigan.  It  seems  probable  that  when  the  Glacial  era 
was  at  its  height,  the  two  were  merged  in  one  glacier ;  but  that 
later,  as  the  ice  diminished,  the  former  became  independent, 
and  that  then  the  eastern  Kettle  Bange  was  made. 

S.  The  earth! s  axis  had  the  same  position  in  tfie  Olacial  era  as 
noWj  if  the  driftless  character  of  the  Wisconsin  area  depended  on 
the  climatal  conditions  explained.  The  concordance  between 
the  limits  of  the  drier  areas  of  the  Glacial  era  and  those  of  the 
present  time,  and  especially  the  fact  in  this  respect  with  regard 
to  the  isolated  area  in  Wisconsin  sustains  tnis  proposition. 
The  probability  that  such  was  the  truth  was  long  since  made 
apparent  by  the  observation  that  the  southern  termination  of 
the  glacier  in  North  America  and  Europe  was  very  nearly 
along  what  is  now  the  course  of  the  same  identical  isothermal 
The  position  and  extent  of  the  Wisconsin  driftless  area  afford 
more  precise  and  positive  evidence. 
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Art.   XXXVI.— 7%e   Ancient   Outlet  of  Great  Salt  Lake;   a 
letter  to  the  Editors,  by  G.  K.  Gilbbbt. 

Gbeat  Salt  Lake  has  no  outlet,  and  its  fluctuating  level  is 
determined  by  the  balance  between  inflowing  streams  and 
solar  evaporation.  On  the  surrounding  mountains  there  are 
water-lines  rising  in  steps  to  a  thousand  feet  above  its  sur- 
face, and  showing  that  m  ancient  times  a  great  body  of  water 
occupied  its  basin.  This  ancient  body,  known  as  Lake  Bonne- 
ville, was  345  miles  long  from  north  to  south  and  185  miles 
broad,  and  its  vestiges  are  on  so  grand  a  scale  that  they  have 
attracted  the  attention  not  only  of  geologists  but  of  every 
observant  traveler.  It  naturally  occurred  to  many  persons 
to  enquire  whether  the  lake  waters  did  not  in  their  flood  stage 
find  an  outlet,  and  several  theories  have  been  advanced  in  re- 
gard to  it;  but  previous  to  1876  the  outlet  was  not  discovered, 
or  if  discovered  its  position  was  not  announced.  In  the  sum- 
mer of  that  year  I  left  Ogden  for  the  purpose  of  seeking  the 
outlet  at  the  north,  and  in  a  few  days  had  the  great  pleasure  of 
finding  it  in  Idaho,  at  the  north  end  of  Cache  Valley,  the  locality 
being  known  as  Red  Rock  Pass.  The  circumstances  were  sucn 
as  to  leave  no  doubt  in  mv  mind  that  I  had  determined  the 
actual  point  of  outflow,  andl  on  my  return  to  the  East  I  made 
the  announcement  without  reservation  in  a  communication  to 
the  Philosophical  Society  of  Washington.  The  announcement 
was  also  made  for  me  in  the  same  unequivocal  manner  bv  Pro- 
fessor Joseph  Henry,  in  the  Smithsonian  Report  for  1876  (p.  61), 
and  by  Professor  J.  W.  Powell,  in  Baird's  Annual  of  Scientific 
Discovery  for  1876  (p.  260\  and  there  seemed  no  occasion  for 
further  publication  until  the  matter  should  receive  its  full  dis- 
cussion m  the  Reports  of  the  Survey  of  which  Professor  Pow- 
ell has  charge.  But,  in  the  American  Journal  of  Science  for 
January,  1878  (p.  65),  there  appears  a  statement  (apparently  on 
the  authority  oi  Dr.  F.  V.  Havden,  but  without  signature) 
that  **  it  is  believed  that  the  explorations  of  the  Survey,  under 
the  direction  of  Dr.  Hay  den,  the  past  season,  have  determined 
the  probable  ancient  outlet  of  the  great  lake  that  once  filled 
Salt  Lake  Basin  ;^^  and  there  is  so  much  doubt  implied  by  the 
use  of  the  phrases  "it  is  believed"  and  "probable  outlet*' 
that  it  seems  proper  for  me  to  defend  my  positive  assertions  by 
setting  forth  trie  facts  which  appear  to  me  to  place  the  exist- 
ence and  position  of  the  ancient  outlet  beyond  question. 

If  Lake  Erie  were  to  dry  away,  and  a  geologist  of  the  future 
should  examine  its  basin,  he  would  easily  trace  the  former  shore- 
line around  it  At  two  points  he  would  find  this  line  interrupted. 
At  Detroit  and  at  Bufi'alo  he  would  meet  with  narrow,  trough- 
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like  passes,  depressed  somewhat  below  the  level  of  the  shore  line, 
and  leading  to  other  basins.  Following  the  Detroit  Pass  he 
would  be  led  to  the  Huron  basin  and  would  find  there  a  shore 
line  so  nearly  on  a  level  with  the  Erie  that  he  could  not  readily 
determine  which  was  the  higher.  Following  the  Bufialo  Pass 
he  would  find  a  continuous  descent  for  many  miles  to  the  Onta- 
rio basin,  and  in  that  basin  he  would  find  no  water-line  at  the 
level  of  the  Erie  shora  In  each  case  he  would  learn  from  the 
form  of  the  passage  that  it  had  been  the  channel  of  a  river, 
and  in  the  latter  case  he  would  learn  from  the  direction  and 
ooDtinuity  of  descent,  and  from  the  absence  of  corresponding 
shore  lines,  that  it  had  been  the  channel  of  an  outflowing  river. 

So  in  regard  to  Lake  Bonneville.  To  discover  its  outlet  it 
was  necessary  to  find  a  point  where  the  Bonneville  shore  line 
was  interrupted  by  a  pass  of  which  the  fioor  was  lower  than  the 
diore  line,  and  which  led  to  a  valley  not  marked  by  a  continu- 
ation of  the  shore  line.  These  conditions  are  satisfied  at  Red 
Bock  Pass,  and,  in  addition,  there  is  a  continuous  descent  from 
the  pass  to  the  Pacific  ocean.  All  about  Cache  Yalley  the 
Bonneville  shore  line  has  been  traced,  and  it  is  well  marked 
within  a  half  mile  of  the  pass.  The  fioor  of  the  Pass  at  the 
divide  is  340  feet  below  the  level  of  the  shore  line,  and  its  form 
is  that  of  a  river  channel  The  gentle  alluvial  slopes  from  the 
mountains  at  the  east  and  west,  which  appear  once  to  have 
united  at  the  pass,  are  divided  for  several  miles  by  a  steep- 
sided,  flat-bottomed,  trench-like  passage,  a  thousand  leet  broaa, 
and  descending  northward  from  the  divide.  At  the  divide 
Marsh  Creek  enters  the  old  channel  from  the  east,  and  turning 
northward  runs  through  Marsh  Valley  to  the  Portneuf  River, 
a  tributary  of  the  Columbia.  In  Marsh  Valley  the  eye  seeks 
in  vain  for  the  familiar  shore  lines  of  the  Salt  Lake  Basin,  and 
the  conclusion  is  irresistible  that  here  the  ancient  lake  outflowed. 

At  the  divide  a  portion  of  each  wall  of  the  ancient  channel 
is  composed  of  solid  limestone,  and  its  floor  is  interrupted  by 
knolls  of  the  same  material.  It  is  evident,  too,  that  the  chan- 
nel has  lost  something  in  depth,  for  Marsh  Creek  and  some 
smaller  streams  at  the  south  have  thrown  so  much  debris  into 
it  as  to  divide  it  into  several  little  basins  occupied  by  ponds 
and  marshes.  It  is  not  improbable  that  twenty  or  thirty  feet 
have  thus  been  built  upon  the  floor  and  that  the  original  bed  of 
the  channel  where  it  crosses  the  limestone  is  360  or  370  feet 
lower  than  the  highest  Bonneville  beach.  Still  we  must  not 
suppose  that  the  floor  of  the  outlet  was  ever  870  feet  below  a 
ooexistent  level  of  the  lake,  but  rather  that  during  the  exist- 
ence of  the  outlet  its  channel  was  slowly  excavated  to  that  ex- 
tent, while  the  lake  was  to  the  same  extent  drained.  This  view 
is  sostained  in  a  very  striking  manner  by  the  phenomena  of  the 
shore  lines. 
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From  the  highest  shore  line,  known  as  the  "Bonneville 
Beach,"  down  to  the  level  of  the  modern  lake,  there  is  a  con- 
tinuous series  of  wave-wrought  terraces  recording  the  slow 
recession  of  the  water.  As  many  as  twenty-five  have  been 
counted  on  a  single  slope.  Some  are  strongly  marked  and 
others  faintly,  and  some  that  are  conspicuous  at  one  point  fail 
to  appear  at  other  points  ;  but  there  is  one  that  under  all  cir- 
cumstances asserts  its  supremacy  and  clearly  marks  the  longest 
lingering  of  the  water.  It  has  been  called  the  "  Provo  Beach," 
ana  it  runs  about  365  feet  below  the  Bonneville  Beach.  When 
the  discharge  of  the  lake  began,  its  level  was  that  recorded  by 
the  Bonneville  Beach.  The  outflowing  stream  crossed  the 
unconsolidated  gravels  that  overlay  the  limestone  at  Red  Bock 
Pass,  and  cut  them  away  rapidly.  The  lake  surface  was  low- 
ered with  comparative  rapidity  until  the  limestone  was  exposed, 
but  from  that  time  the  progress  was  exceedingly  slow.  For  a 
long  period  the  water  was  neld  at  nearly  the  same  level,  and 
the  Provo  Beach  was  produced.  Then  came  the  drying  of  the 
climate,  and  the  outflow  ceased  ;  and  slowly,  with  many  linger- 
ings,  the  lake  has  shrunk  to  its  present  size. 

In  Dr.  Havden's  Preliminary  Report  of  the  field  work  of  his 
Survey  for  the  season  of  IS?*?,  noticed  on  page  56  of  the  cur- 
rent volume  of  this  Journal,  there  is  no  mention  of  the  obser- 
vations at  Red  Rock  Pass,  but  the  omission  appears  to  have 
been  accidental,  for  on  page  7  he  says :  "  At  the  divide  between 
the  Malade  and  Marsh  Creek  is  another  of  the  old  outlets  of 
the  ancient  Salt  Lake  when  its  waters  were  at  the  highest 
level."  This  passage  occurs  in  a  summary  of  Dr.  A.  C.  Peale's 
geological  observations,  but  it  is  to  be  hoped  that  the  idea  will 
not  be  advocated  in  that  gentleman's  report  The  divide 
referred  to  is  near  Malade  City,  and  separates  Malade  Valley 
from  Marsh  Valley.  The  Bonneville  Beach  is  well  marked  all 
about  Malade  Valley,  and  nowhere  more  strongly  than  in  the 
vicinity  of  Malade  City.  It  runs  between  that  place  and  the 
divide  at  an  altitude  of  about  400  feet  (by  barometer)  above 
the  city,  while  the  divide,  as  determined  by  Dr.  Hayden  s  assist- 
ants, has  an  altitude  above  the  city  of  950  feet  After  making 
every  allowance  for  the  errors  incident  to  barometric  determi- 
nations of  altitude,  it  must  be  conceded  that  the  divide  is 
several  hundred  feet  higher  than  the  water  line.  It  appeared  so 
evident  from  a  distant  view  that  the  lake  did  not  ovemow  this 
ridge,  that  I  did  not  ascend  to  the  summit,  although  I  had  under- 
taken last  summer  to  examine  every  divide  between  the 
Columbia  and  Salt  Lake  Basins  that  might  possibly  have 
aflForded  passage  to  the  water.  I  am  aware  that  Prol  F.  H. 
Bradley,  who  visited  the  locality  in  1872,  expressed  the  half 
formed  opinion  that  it  had  been  a  point  of  outflow,  but  he  de- 
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scribed  no  channel  of  outflow  ;  and  it  is  evident,  moreover,  that 
he  gave  little  thought  to  the  subject,  for  he  made  the  somewhat 
astonishing  suggestion  that  four  outflowing  streams  might  have 
coexisted — one  at  the  Soda  Spring  Pass,  one  at  Bed  Bock,  one 
near  Malade  City,  and  one  at  the  head  of  the  Malade  Biver.  If 
he  had  seen  the  channel  at  Bed  Bock,  I  do  not  doubt  that  he 
would  have  recognized  it  as  the  real  avenue  of  discharge. 

It  is  proper  to  add  in  this  connection,  that  I  have  been  able 
to  demonstrate  that  certain  small  orographic  movements  have 
transpired  in  the  Bonneville  Basin,  not  only  since  its  desicca- 
tion but  during  its  flooding,  and  that  it  is  perfectly  conceivable 
that  such  movements  shifted  the  outflow  from  point  to  point. 
To  ascertain  whether  they  actually  did  so,  I  have  traced  out 
during  the  past  summer  all  of  the  shore  line  that  had  not  pre- 
viously been  explored,  and  in  so  doing  I  have  satisfied  myself 
that  the  only  outlet  of  Lake  Bonneville  was  at  Bed  Bock  Pass. 


Art.  XXXVn. — On  the  Projection  of  Microscope  Photographs  ; 
by  John  Christopher  Draper,  M.D.,  LL.D.,  Professor  of 
Natural  History  in  the  College  of  the  City  of  New  York. 

In  the  lanterns  that  are  constructed  for  the  projection  of  pho- 
tographic or  other  images  on  a  screen,  the  support  or  stage  on 
which  the  photographic  slide  is  placed  is  close  to,  and  at  an  in- 
variable distance  from,  the  condensing  lens.  So  long  as  the  ob- 
jects to  be  projected  are  nearly  equal  in  size  to  the  diameter  of 
the  condenser,  this  is  the  only  adjustment  that  can  be  made  to 
illuminate  the  whole  surface  of  the  object;  but,  when  the 
diameter  of  the  field  occupied  by  the  object  is  only  one-half,  or 
one-quarter  of  the  diameter  of  the  condensing  lens,  the  bril- 
liancy of  the  result  obtained  upon  the  screen  may  be  greatly  in- 
creased b^  Removing  the  supporting  stage  or  object  carrier  to  a 
greater  distance  from  the  condenser,  so  that  a  convergent  beam 
of  light  may  fall  on  the  object  to  be  projected.  To  accomplish 
this  I  have  constructed  the  following  form  of  lantern  : 

In  the  figure,  a  is  a  zirconia  light,  mounted  on  an  adjustable 
base  (see  American  Journal  of  Science  and  Arts,  Sept.,  1877, 
page  208),  which  may  be  used  with  a  condensing  lens  of  very 
short  focus,  since  the  zirconia  is  not  burrowed  into  cavities 
where  the  oxyhydrogen  flame  impinges,  as  happens  with  lime 
cylinders,  and  causes  the  flame  to  be  reflected  upon  the  con- 
dfensing  lens  and  thereby  destroys  it  In  the  jet  employed,  the 
gases  are  mixed  just  before  they  are  ignited.  6,  i,  is  a  short 
RX^os  condensing  lens,  c,  the  stage  or  support  carrying  the  pho- 
tographic or  otner  design  to  be  projected,     c?,  the  projection 
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lens  formed  of  three  sets  of  lenses  and  giviog  a  perfectly  flat 
rectilinear  field,  a,  c,  d,  are  mounted  on  a  baae  board  «,  /  to 
the  end  of  wbich  the  lantern  box  a,  b,  is  attached,  and  which  is 
freely  open  abore  and  below  to  permit  perfect  rentilatioo. 
The  oaae  carries  lateral  grooves  in  which  a,  c,  if  slide,  allowing 
them  to  be  placed  at  varying  distances  from  i,  and  £xed  by  suita- 
ble binding  screws,  c  and  ^  are  also  connected  together  by  a  rod 
r,  carrying  an  adjustment  screw  at  r,  by  which  the  change  of 
distance  between  d  and  c,  required  in  giving  the  correct  focus, 
may  be  obtained.    The  base  e,  /,  is  attached  to  a  second  or 


under  base  g,  k,  by  a  binge  at  h,  which  allows  the  end  e.  of  the 
movable  base  e,  /  to  be  rikised  to  any  required  angle ;  at  which 
it  may  be  maintained  by  the  block  at  i.  So  convenient  and 
compact  is  this  lantern  that  it  may  easily  be  stowed  away  in  & 
small  trunk. 

When  a  aeries  of  objects  of  very  different  sizes  is  to  be  pro- 
jected, as  is  the  case  with  microscopic  phoh^raphs  taken  under 
the  same  adjustments,  it  is,  as  we  have  said,  a  great  gain  in  the 
projection  of  small  objects  if  the  circle  of  light  used  for  illumi' 
nation  is  reduced  ;  and,  at  the  same  time,  increased  in  brilliancy. 
This  is  accomplished  in  the  above  arrangement  as  rapidly  as 
can  be  desired  oy  removing  d,  c,  together,  along  the  slide  of  the 
base  «,  ^  to  a  sufficient  distance  from  the  face  of  the  condenser 
b  to  allow  the  convergent  rays  from  the  latter  just  to  cover  a 
circle  which  will  include  the  object  to  be  projected.  The 
greater  intensity  of  the  illuminatioD  thus  obtain^  renders  the 
aednition  of  fine  markings  or  other  peculiarities  on  small 
objects  as  clearly  visible  at  considerable  distances  aa  are  the 
coarser  markings  on  large  objects  under  a  weaker  light. 

In  closing  this  brief  communication  I  desire  to  add  that  I 
have  made  photographs  of  Fruatulia  sttxonica  under  a  power  of 
7,000  diameters.  The  photographs  in  question  were  made  id 
the  City  College  building  by  a  one-twentieth  inch  immersion 
Beck  lens.  The  light  was  from  the  sun,  reflected  by  a  helio- 
stat,  through  ammonio-sulphate  of  copper  solution,  and  coo- 
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densed  on  the  object  at  an  angle  of  80°  to  40°.  The  photo- 
graph in  question  was  direct,  by  which  I  mean  that  there  was 
no  intermediate  or  secondary  enlargement  of  a  first  photograph. 
With  this  photograph  and  the  lantern  described,  I  nave  shown 
Frustulia  saxonica  magnified  more  than  half  a  million  diame- 
ters; a  result  which  must  be  seen  to  be  appreciated. 


Abt.  XXXVIII. — On  the  Discovery  of  Lower  Silurian  Fossils  in 
Limestone  associated  with  Uydromica  slates,  and  on  other  points 
in  the  Oeology  of  Lehigh  and  Northainpion  Counties,  Eastern 
Pennsylvania  ;  by  FREDERICK  Prime,  Jr.,  Professor  of  Metal- 
lurgy at  Lafayette  College,  Easton,  Pennsylvania. 

[Professor  Prime's  discoveries  were  made  in  connection  with 
his  work,  daring  the  past  season,  as  Assistant  Geologist  in  the  Geo- 
lo^cal  Survey  of  Pennsylvania.  The  region  in  which  the  discov- 
eries were  made  lies  near  the  eastern  boundary  of  the  State,  south- 
east of  the  Blue  Ridge.  The  rocks  are  related  in  position,  in 
lithological  character,  and  also  in  their,  direct  association  with 
large  beds  of  limonite,  to  those  of  Vermont  in  which  the  discov- 
eries of  fossils  by  Mr.  Wing  were  made,  and  to  the  continuation 
of  these  Vermont  rocks  southward  through  Berkshire,  Massachu- 
setts, near  and  along  the  Taconic  range.  The  discoveries  were 
first  made  known  to  the  writer  by  Professor  Lesley,  the  able 
director  of  the  Pennsylvania  Survey,  and  by  Professor  Prime,  in 
November  last ;  and  both  recognized  the  intimate  geological  as 
well  as  geographical  relation  between  these  East-Pennsylvania  and 
West-New  England  rocks.  Professor  Lesley  stated  m  his  letter 
that  the  opinions  which  he  had  derived,  from  the  observations  of 
others,  more  than  thirty  years  since  with  regard  to  New  England 
geology,  he  now  (since  the  discovery  of  fossils  in  limestones  among 
the  metamorphic  rocks  of  Vermont,  of  Beriiardston  and  Littleton 
in  the  Connecticut  Valley,  and  of  Eastern  Pennsylvania)  regards 
as  ereatly  strengthened  in  probability — namely :  That  Paleozoic 
rodcs  make  up  the  Green  Mountains,  and  also  the  White  Mountains, 
and  that  the  latter  include  beds  of  Devonian  age.  Professor 
Primers  article,  which  is  here  published,  is  cited  from  the  Proceed- 
ings of  the  Philosophical  Society  for  December  21,  where  it  appears 
under  the  title  '^  Qn  t/ie  Paleozoic  liocks  of  Lehigh  and  North- 
ampton Counties,  Pennsylvania. — j.  d.  d.] 

The  Paleozoic  rocks  of  Lehigh  and  Northampton  counties 
are :  The  Potsdam  Sandstone  (No.  I) ;  Magnesian  or  Auroral 
Limestone  (No.  II) ;  Trenton  Limestone  (No.  II);  Utica  Shale 
(Na  ni) ;  Hudson  River  or  Matinal  Slate  (No.  III). 

The  Potsdam  sandstone  is  first  found  in  the  outlying  penin- 
sula of  the  South  Mountains,  known  as  Lock  Ridge,  where  it 
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occurs  on  the  northwest  flank  of  the  hill  and  undoubtedly  has 
a  northwest  dip.  It  next  occurs  in  two  small  patches  on  the 
northern  flank  of  the  main  range  of  the  South  Mountain  near 
Macungie  (formerly  Millerstown).  A  small  patch  of  it  is  also 
found  associated  with  the  gneiss,  where  the  latter  crops  out 
through  the  limestone  in  the  gorge  of  the  Little  Lehigh  Creek 
at  Jerusalem  Church,  two  miles  northwest  of  Emaus.  But  it 
is  first  seen  to  any  great  extent  along  the  north  flank  of  the 
main  range  just  south  of  Emaus,  where  its  occurrence  is  con- 
stant, but  of  varying  thickness,  and  continues  for  a  distance  of 
four  and  a  half  miles,  after  which  it  can  no  longer  be  traced. 

It  occurs  again  at  the  ridge  of  the  South  Mountain,  close  to 
Allentown,  which  forms  the  southern  barrier  of  the  Lehigh 
River,  between  Allentown  and  Bethlehem,  where  the  sandstone 
is  about  twenty -five  feet  thick  and  extends  with  a  few  intervals 
(where  it  has  been  cut  out  by  the  river)  the  entire  distance  be- 
tween these  two  places.  It  also  extends  across  the  Lehigh  and 
fonns  the  capping  rock  of  a  portion  of  the  gneiss  just  east  of 
Allentown  ana  north  of  the  Lehigh.  The  contact  between  the 
gneiss  and  sandstone  is  distinctly  seen  about  two  miles  east  of 
Allentown  on  the  Lehigh  Valley  Railroad  track. 

The  very  lowest  beds  of  the  Potsdam  sandstone  are  actual 
pudding-stones,  containing  quartz  pebbles  the  size  of  a  man's  fist 
and  larger,  and  fragments  of  red,  unaltered  orthoclase.  The 
upper  beds  are  composed  of  a  hard,  compact  quartzite  contain- 
ing greater  or  less  quantities  of  feldspar  nodules,  which  weather 
out  and  impart  to  the  rock  a  pock-marked  appearance.  When 
first  quarried  the  color  of  this  quartzite  is  blue  to  bluish-gray, 
which  on  exposure  soon  changes  to  a  dark  reddish  brown,  due 
to  the  oxidation  of  the  ferrous  oxide  it  contains.  The  change 
from  a  pudding-stone  to  a  compact  quartzite  in  the  sandstone 
shows  that  there  has  been  a  gradual  sinking  of  the  earth *s  crust 
and  an  increase  in  the  depth  of  the  sea,  thus  preparing  the  way 
for  the  subsequent  deposition  of  the  limestona 

The  Potsdam  sandstone  often,  as  elsewhere,  contains  Scoliihus, 

Next  above  the  Potsdam  sandstone  occur  hydromica  slaies^ 
which  Rogers  has  called  the  Upper  Primal  Slates,  but  which 
really  form  a  portion  of  the  No,  ll  limestone^  and  gradually  pass 
into  this.  They  lie  along  the  north  flank  of  the  South  Mountain 
and  overlie  the  Potsdam  conformably  wherever  this  is  visible, 
being  far  more  persistent  in  their  occurrence,  continuing  with 
few  intervals  the  entire  distance  from  the  western  boundary  of 
Lehigh  county  to  the  Delaware  River.  They  are  of  great  eco- 
nomic importance  as  carrying  the  lowest  range  of  brown  hem- 
atite iron  ores,  to  be  mentioned  later. 

These  slates  are  composed  in  great  part  of  the  mineral 
damourite  and  occur  of  a  pink,  gray,  white  and  yellow  color. 
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When  exposed  to  the  weather  they  very  rapidly  decompose  to 
soft  UDctuoas  plastic  clays  in  a  few  days,  and  some  of  these 
will  in  time  probably  become  valuable  in  the  manufacture  of 
coarse  kinds  of  pottery.  Generally  they  contain  more  or  less  of 
the  carbonates  of  lime  and  magnesia,  and  silica,  mixed  with  the 
damourite.*  Hydromica  slate  also  occurs  the  greater  portion  of 
the  distance  from  the  western  boundary  of  Lehigh  county  to 
the  Delaware  River,  at  the  junction  of  the  No.  II  limestones 
with  the  No.  Ill  slates,  here  also  carrying  brown  hematite  ores 
in  extensive  deposits. 

Tt  also  occurs  intercalated  in  the  limestone,  forming  layers 
from  the  thickness  of  a  sheet  of  paper  to  several  feet,  and  these 
layers  are  innumerable.  Their  existence  has  been  seen  both  in 
rock  outcrops  as  well  as  in  wells  which  have  been  sunk. 

The  clay  to  which  the  hydromica  slate  decomposes  is  gener- 
ally of  a  white  color,  although  sometimes  brown  from  the  pres- 
ence of  hydrated  ferric  oxide.  Analyses  would  seem  to  show 
that  the  clay  contains  rather  less  potash  than  the  undecom- 
posed  rock. 

Overlying  the  hydromica  slates,  and  conformable  with  these  and 
the  Potsdam  sandstone,  is  the  No.  II  or  Magnesian  limestone  {^Au- 
roral of  Rogers),  which  extends  as  a  great  mass  varying  from  six  to 
seven  and  a  quarter  mifes  in  width.  At  four  points  gneiss  crops 
out  through  the  limestone.  These  are  at  Chestnut  Hill  north  of 
Easton,  at  a  hill  two  miles  north  of  Bethlehem,  the  gneiss  ridge 
north  of  the  Lehigh,  between  Allen  town  and  Bethlehem,  and 
at  Jerusalem  Church,  two  miles  north  of  Emaus.  Otherwise 
its  continuity  is  unbroken. 

In  its  lower  beds  the  limestone  contains  large  quantities  of 
chert,  forming  nodular  masses  of  very  various  sizes  and  usually 
having  their  longest  axes  conformable  to  the  bedding  of  the 
enclosing  rock.  This  chert  occurs  in  the  manner  described  by 
Saffordf  as  characteristic  of  the  Knox  dolomite  of  Tennessee. 
It  disappears,  however,  in  the  upper  strata. 

The  limestone  varies  from  a  blackish-blue  to  dove  color, 
being  for  the  most  part  compact  to  serai-crystalline,  while  there 
are  occasionally  shaly  beda  In  composition  it  varies  much, 
often  approaching  a  true  dolomite,  again  a  pure  limestona  But 
from  the  isolated  analyses  made  it  would  seem  as  if  the  per- 
centage of  magnesia  was  less  in  the  upper  beds  than  the  lower 
ones.  The  limestone  is  always  siliceous,  often  very  much  so, 
and  hence  much  care  is  now  being  taken  by  many  of  the  iron- 
masters in  selecting  beds  of  it,  which  are  low  in  silica,  so  as  to 
be  suitable  for  smelting  the  iron  ores  of  the  Great  Valley  and 
New  «Tersey,  which  are  high  in  silica.     It  often  contains  minute 

^  Report  of  Progress  for  1 874  of  Lehigh  Dist  Greol.  Survey  of  Penn.,  p.  12. 
f  See  Geology  of  Tennessee,  bj  Safford,  pp.  215,  218. 
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graitis  of  pjrite  diaseminated  tbroagh  it,  which  weather  oat  on 
exposure,  leaving  minute  cavities  behind.  Numerous  analyses 
have  shown  the  presence  of  ferrous  carbonate  varying  in  amount 
from  0538  to  i-305  ner  cent 

A  peculiaritv  of  the  limestone  is  that  it  is  often  breociated, 
the  fragments  being  composed  tudusivdy  af  UmesUme^  cemented 
together  bv  calcite  or  dolomita  The  brecciated  appearance  is 
rarely  visible  on  fresh  fracture,  being  usually  brought  to  view 
by  weathering.  When  seen  in  place  it  will  usually  be  found 
that  one  or  more  brecciated  beds  occur  between  two  odiers 
which  do  not  exhibit  this  peculiarity.  As  the  beds  of  the  No. 
U  limestone  have  been  much  disturbed  by  the  force  which  ele- 
vated the  South  Mountain  range,  the  probable  explanation  of 
this  brecciation  is  that  a  very  hard,  unyielding  bea  occurs  be- 
tween two  more  pliable  ones ;  that  these,  when  subjected  to  the 
lateral  thrust  of  the  uprising  mass  of  the  South  Mountains, 
have  conformed  themselves  to  the  folds  of  the  strata,  while  the 
harder  one,  being  unable  to  do  this,  has  been  i ractured  and  rt- 
cemented  in  iniii  by  the  percolation  of  calcareous  waters. 

Some  observers  have  supposed  that  the  Na  11  formation  is 
actually  composed  of  two  limestones,  the  lower  one  belonging 
to  the  Huronian,  the  upper  to  the  Calciferous ;  and  patches  of 
the  latter  are  supposed  to  overlie  the  former.  The  upper  lime- 
stone (according  to  these  observers)  having  been  formed  from 
the  lower,  the  brecciated  limestones  are  adduced  as  evidences 
of  upheaval  and  shore  action. 

The  explanation  I  have  offered  of  the  formation  of  the  brec- 
ciated limestone  is  both  more  in  accordance  with  the  facts  ob- 
served and  with  the  generally  accepted  view  of  the  deep-sea 
formation  of  limestone  than  the  hypothesis  above  stated ;  for 
the  brecciated  limestones  are  as  common  near  the  base  of  the 
series  as  at  the  top. 

Besides,  the  genus  MonocrcUerion  found  in  the  Lehigh  county 
limestone  belongs  to  the  same  &mily  as  ScolithuSj  ana  is  there- 
fore no  greater  proof  of  age  than  the  latter ;  and  it  occurs  in 
but  one  locality  close  to  the  top  of  No.  II,  being  not  more 
than  fifty  to  one  hundred  feet  from  the  overlying  Calciferous 
and  Trenton. 

The  fossils  thus  far  found  in  the  No.  11  limestone  do  not 
number  a  dozen  specimens,  and  have  been  found  in  but  four 
localities.  At  Helfrich  s  Spring,  about  two  and  a  half  miles 
north  of  Allentown,  the  Jordan  makes  a  great  bend  around  a 
limestone  hill,  and,  by  an  underground  passage  of  a  portion  of 
its  waters,  has  excavated  a  cave  a  short  distance  into  it  At  the 
west  end  of  the  hill,  near  the  small  opening  where  that  portion 
of  the  creek  forming  the  spring  disappears,  there  occurs  a  new 
species  of  Monocraterion^  as  yet  undescribed.     Of   this  half  a 
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dozen  casts  have  been  foand;  but  all  efforts  to  discover  the 
fossil  itself  have  been  hitherto  unsuccessful.  This  discovery  is 
the  more  interesting  as  the  genus  Monocrateri&ix  has  hitherto 
only  been  known  to  occur  in  Sweden. 

About  half  a  mile  northeast  of  this  five  or  six  specimens  of 
a  Lingula  were  found  in  John  Schadt's  quarry,  but  it  is  impos- 
sible to  determine  its  species.  About  half  a  mile  west  of  Hel- 
frich^s  Spring  a  single  specimen  of  an  Orthoceratiie  wfis  found 
close  to  the  Jordan,  Just  north  of  Scherer  s  Tavern,  but  so  im- 
perfect that  its  species  is  undeterminable.  Finally  a  specimen 
of  Euomphalua  was  found  on  Nero  Peters*  farm,  two  miles  east 
of  Ballietsville. 

Not  a  single  fossil  has  thus  far  been  found  in  the  No.  II 
limestone  of  Northampton  county. 

The  No.  II  limestone,  like  the  Magnesian  limestone  of  the 
Mississippi  Valley,  is  exceedingly  soluble.  Streams  constantly 
disappear  in  the  ground,  forsaKing  their  original  beds  except 
when  the  volume  of  water  is  too  great  to  be  carried  off  by  tlie 
subterranean  channels,  only  to  reappear  again  as  springs  at 
ereater  or  less  distances.  The  effects  due  to  this  solution  of  the 
limeBtone  are  very  great  Not  only  are  small  sink-holes  very 
common,  but  beds  are  found  often  much  contorted  locally  in  a 
manner  which  can  only  be  explained  by  supposing  tliem  to 
have  dropped  down  by  their  own  weight  into  caverns  excavated 
by  the  water  beneath  them.  Possibly  also  the  contortion  of  the 
hydromica  beds  as  developed  in  the  brown  hematite  mines  at 
the  junction  of  the  limestone  with  the  No.  Ill  slates  is  due  to 
the  same  action,  rendered  more  prominent  by  the  passage  of 
streams  from  the  slate  to  the  limestone,  where  the  solving 
action  could  begin.  The  different  beds  too  are  soluble  in  very 
different  degrees;  some  apparently  yield  at  once  to  the  eroding 
action  of  water,  while  others  afford  a  resistance  to  this  operation 
for  reasons  as  yet  unknown,  but  which  are  probably  rather  me- 
chanical or  physical  than  chemical.  Knowing  as  we  do  so 
little  of  the  conditions  under  which  the  different  layers  of 
limestone,  almost  or  quite  identical  in  composition,  were 
formed,  we  can  only  speculate  that  those  layers  which  resisted 
erosion  were  more  compact,  hard,  and  dense,  perhaps  more 
metamorphosed  by  a  subsequent  crystallization  than  the  others, 
while  we  actually  have  no  facts  on  which  to  base  such  theories. 
No  better  illustration  of  the  darkness  amidst  which  geologists 
are  seeking  light  can  be  given  than  by  stating  that  we  are  in 
complete  ignorance  of  the  causes  which  produce  different  layers 
of  limestone,  almost  identical  in  composition,  the  i^ne  above  the 
other.  We  can  explain  alternations  of  shale,  sandst.one  and 
limestone  by  changes  in  depth  of  the  sea  in  which  they  were 
formed  ;  but  such  an  explanation  does  not  hold  good  where  the 
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same  rock  continued  to  be  formed.  Why  should  the  sediment, 
whether  chemical  or  mechanical,  have  formed  a  continuous 
layer  an  inch  to  several  feet  in  thickness,  and  then  a  break  in 
continuity  have  occurred,  to  be  succeeded  by  another  layer  of 
the  same  material  ? 

While  the  greater  portion  of  the  limestone  has  in  all  proba- 
bility been  formed  in  deep  water,  we  have  one  instance  in  a 
quarry  at  Uhlersville  on  the  Delaware  where  it  must  have  been 
formed  as  a  beach,  since  we  find  here  distinct  traces  of  ripple 
marks  along  the  entire  face  of  the  quarry,  some  sixty  feet  high 
and  fifty  feet  deep,  the  strata  being  tilted  nearly  vertically. 

It  has  been  generally  supposed  that  the  limestone  dips  almost 
universally  southward;  and  while  this  view  holds  good  for 
Northampton  county,  except  at  the  junction  of  No.  II  with  the 
No.  Ill  slates  and  along  the  north  flank  of  the  South  Moun- 
tains, it  is  not  the  case  in  Lehigh  county;  for  here  we  find 
northwest  dips,  more  especially  along  an  axis  which  is  pro- 
longed some  distance  into  Northampton  county,  a  short  distance 
above  Catasauqua. 

As  a  general  thing  the  limestones  pass  conformably  under  the 
No.  Ill  slates,  and  the  few  exceptions  where  the  slates  dip 
toward  the  limestones,  and  the  latter  away  from  the  slates  can 
readily  be  explained  by  an  overturning  of  the  beds  toward  the 
south,  by  which  means  as  in  the  slate  quarry  close  to  and  south 
of  Ironton  the  slate  apparently  passes  conformably  below  the 
limestone. 

Overlying  the  No.  II  limestone  occurs  the  Trenton  limestone 
which  is  more  fossiliferous  and  contains  such  characteristic 
fossils  as  Chceteies  lycoperdon  and  Orthis  pectinella  as  well  as  the 
stems  of  an  eitcrinite.  It  was  first  found  about  a  mile  south  of 
Ironton  in  Lehigh  county,  then  at  intervals  between  Bath  and 
Martins  Creek  in  Northampton  county  ;  but  all  attempts  to 
trace  it  as  a  continuous  formation  have  thus  far  been  unsuccess- 
ful owing  to  the  lack  of  outcrops.  It  occurs  most  extensively 
at  Martins  Creek  on  the  Delaware,  at  a  point  a  little  south  of 
the  cotton  mill,  and  is  there  as  elsewhere  apparently  conforma- 
ble with  the  underlying  Magnesian  limestone. 

This  limestone  resembles  in  appearance  the  No.  II,  being 
however  more  compact  and  not  at  all  crystalline,  and  of  a  gray 
black  color. 

There  has  been  no  apparent  sudden  break  between  the  two, 
but  the  transition  has  been  a  gradual  one.  This  was  to  be  ex- 
pected if  the  subsidence  of  the  sea-bottom  was  steady  and  slow. 
An  examination  of  the  beds  between  Ironton  in  Lehigh  county 
and  the  Delaware  River,  as  close  to  the  junction  of  the  limestone 
and  slate  as  possible,  has  shown  that  the  limestone  for  the  entire 
distance  is  more  or  less  a  hydraulic  one,  due  to  the  greater 
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proportioD  of  alumina  which  it  contains.  This  alno  was  to  be 
expected  if  the  subsidence  continued,  as  signaling  an  approach 
to  the  era  of  slate-formation  and  open-sea  deposition.  These 
limestones  are  utilized  on  the  Lehign  river  in  the  manufacture 
of  hydraulic  cements  and  lately  Portland  cement  has  been  made 
at  the  Copley  Cement  Works,  which  is  said  to  be  nearly  or  quite 
e(|ual  to  the  imported.  Careful  search  and  the  demand  for  it 
will  DO  doubt  cause  this  variety  of  the  limestone  to  be  explored 
at  various  other  points  in  the  two  counties,  and  will  in  time 
render  us  independent  of  the  cement  now  sent  from  the  Hudson 
Biver.  The  limestone  is  of  a  dull,  earthy  appearance,  entirely 
free  from  any  crystalline  texture  and  of  a  dark  gray  color. 

Before  closing  our  discussion  of  the  limestone  it  is  necessary 
to  speak  of  the  large  and  numerous  deposits  of  brown  hematite 
iron-ore  which  occur  in  it,  and  which  form  the  main  support  of 
Ae  extensive  iron  furnaces  of  the  Lehigh  and  Schuylkill 
Vallevs. 

The  brown  hematite  iron-ore  occurs  almost  exclusively  in 
two  irregular  lines  of  deposition ;  the  one  along  the  northern 
flank  of  the  South  Mountain  Range,  the  other  at  or  near  the 
janction  of  the.  No.  II  limestone  with  the  No.  Ill  slates.  A 
few  other  localities,  at  which  the  ore  is  found,  but  these  are  in- 
si^ificant  in  number  compared  to  the  two  lines  mentioned. 
Along  both  these  lines  the  ore  is  always  found  either  in  hydro- 
mica  slate,  or  resting  on  limestone  very  greatly  impregnated 
with  damourite;  the  same  is  true  elsewhere  whenever  the 
brown  hematite  is  found  in  loco  originali.  Some  deposits  are 
however  found  which  have  evidently  been  pockets  or  cavities  in 
the  limestone  into  which  the  masses  of  limonite  have  been 
forced  together  with  gravel  and  clay  during  the  Drift  Period. 
Leavine  these  out  of  consideration  as  of  minor  importance,  let 
us  consider  briefly  those  iron-ore  deposits  which  occur  in  place. 
It  is  at  once  evident  that  like  the  rocks  with  which  they  are 
associated  they  are  of  secondary  origin,  and  have  been  derived 
from  still  older  formations.  The  occurrence  of  the  brown 
hematites  with  silica,  alumina,  lime,  magnesia  and  the  alkalies, 
more  especially  potash,  points  to  their  having  been  derived 
from  Archaean  rocks  containing  orthoclase  and  either  horn- 
blende or  pyroxene.  From  the  decomposition  of  these  three 
minerals  we  are  able  to  derive  all  the  oxides  above  meniioned 
including  the  iron  which  was  without  any  doubt  derived  in 
great  part  from  the  decomposition  of  ferrous  silicate  present  in 
the  hornblende  and  pyroxene,  while  a  portion  of  the  iron  may 
have  been  derived  from  iron  pyrites,  although  this  supposition 
is  entirely  unnecessary.  It  is  extremely  improbable  that  the 
brown  hematite  was  derived  from  the  peroxidation  and  hydra- 
tion of  magnetic  iron  ore,  when  we  recall  the  great  resistance 
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which  the  latter  offers  to  chemical  change  of  any  kind  when 
exposed  to  the  action  of  air  and  water,  and  its  unaltered  condi- 
tion and  fresh,  bright  appearance  in  rivers  and  on  the  seashore. 
But  the  question  as  to  how  the  brown  hematite  got  into  its 
present  condition  and  whether  it  was  deposited  cotemporane- 
ously  with  the  rocks  containing  it,  or  subsequently  to  tnese,  is 
still  an  enigma  and  various  theories  have  been  offered  in  expla- 
nation. For  a  resum^  of  some  of  these  hypotheses  reference 
may  be  made  to  a  recent  article  by  Professor  J.  D.  Dana, 
in  this  Journal,  III,  vol.  xiv,  page  186.  The  almodt  entire 
freedom  of  the  hydromica  slate,  when  fresh,  in  Lehigh  and 
Northampton  counties  from  ferruginous  minerals  will  prevent 
our  having  recourse  to  pyrite,  pyrrhotite,  chlorite,  garnet, 
mica  and  staurolite,  which  Professor  Dana  says  occur  in  the 
hydromica  region  of  Connecticut  Hence  we  must  have  recourse 
to  other  sources.  It  seems  most  doubtful  that  the  mineral, 
from  which  the  brown  hematites  were  derived,  was  deposited 
cotemporaneously  with  the  hydromica  slates  in  the  district 
under  discussion,  since  we  find  the  ore  often  passing  through 
the  slate  or  clay  obliquely  and  intersecting  the  bedding.  It  is 
more  probable  that  the  ore  was  conveyed  to  its  present  position 
by  innltration  subsequent  to  the  formation  of  the  hydromica 
slates.  Whence  was  it  derived  ?  I  have  already  stated  that 
the  limestone  contains  varying  proportion  of  feri-ous  carbonate 
and  of  pyrite,  and  when  we  consider  the  enormous  erosion 
which  the  limestone  has  undergone,  the  wonder  is  not  that  the 
deposits  of  iron  ore  should  be  so  great,  but  rather  that  they 
.  should  be  so  small.  The  ferrous  carbonate  and  the  pyrite  oxi- 
dised to  ferrous  sulphate  being  both  soluble  in  water,  the  former 
when  the  water  contains  carbon  dioxide,  the  waters  would 
naturally  carry  these  salts  in  solution  until  they  came  in  con- 
tact with  precipitating  agents  such  as  the  alkaline  silicates 
which  the  hydmmica  slates  carry.  These  last  became  con- 
verted to  carbonates  and  sulphates,  leaving  the  iron  behind, 
either  directly  as  hyd rated  ferric  oxide,  or  possibly  as  ferrous 
silicates  which  became  later  decomposed  by  the  action  of  aerated 
water  to  hydrated  ferric  oxide  and  free  silica,  which  latter  we 
now  find  so  universally  associated  with  the  brown  hematites  as 
quartz.  Whatever  the  origin  of  these  ores  mny  have  been,  one 
tning  is  evident,  viz.,  that  there  is  some  genetic  relation  between 
the  brown  hematites  and  the  hydromica  slates,  as  evidenced  by 
the  almost  universal  occurrence  of  the  ore  in  the  slate,  extend- 
ing all  the  way  from  Vermont  to  East  Tennessee  through  the 
Great  Valley  as  well  as  in  the  interior  valleys  of  Pennsylvania 
where  the  No.  II  limestones  occur. 

It  is  well  here  to  emphasize  the  fact  that  these  brown  hema- 
tite ores  all  belong  to  the  Lower  Silurian  limestone  formation, 


CI  &  Hastings — Optical  Constanta  of  Olass.  269 

since,  in  1874,  Dr.  Sterry  Hunt,  after  a  cursory  examination 
of  Zi^ler's  Mine  in  Berks  Coun^,  situated  at  the  junction  of 
the  No.  II  limestone  and  the  No.  Ill  slates,  made  the  mistake, 
in  a  paper  on  "  The  Decay  of  Crystalline  Rocks  *'  before  the 
National  Academy  of  Science,  of  supposing  that  the  hydromica 
slates  belonged  to  the  Huronian  Penod : — a  mistake  into  which 
so  eminent  an  observer  as  himself  would  never  have  fallen  had 
he  been  better  acquainted  with  the  region. 

At  intervals  along  the  junction  of  the  limestones  and  slates 
there  occurs  a  black  carbonaceous  shale,  often  decomposed  to 
black  or  dark  blue  clay,  which  I  have  supposed  to  be  the  rep- 
resentative of  the  Utica  shales.  It  consists  of  a  very  carbona- 
ceous hvdromica  slate  (containing  damourite),  without  any  fos- 
sils and!  may  not  belong  to  the  Utica  Period  at  all.  In  no 
instance  has  it  been  found  more  than  one  to  twelve  feet  thick, 
but  it  sometimes  carries  pyrite  from  which  a  portion  of  the  iron 
ores,  iust  mentioned,  may  have  been  derived.  These  shales 
are  oi  no  economic  importance. 

Overlying  these  come  the  No.  HI,  Hudson  River  or  Matinal 
Slates,  which  extend  into  the  Kittatinny  Mountains.  A  large 
portion  of  these  slates  are  extremely  useful  for  roofing  and 
other  household  purposes,  and  extensive  quarries  have  been 
opened  at  various  points  for  the  purpose  of  extracting  them,  as, 
however,  they  have  been  but  very  slightly  examined,  during  the 
progress  of  the  present  Geological  Survey  of  the  State,  I  shall 
defer  a  more  detailed  description  of  them  to  some  future  time. 


Abt.  XXXIX. — On  the  Influence  of  Temperature  on  the  Optical 
Cdnstants  of  Glass ;  by  Charles  S.  Hastings,  of  the  Johns 
Hopkins  University. 

A  FORMULA  connecting  the  refractive  power  of  a  body  with 
its  density,  established  by  Newton,  is  well  known.  This, 
thoagh  founded  upon  the  assumption  of  the  emission  theory  of 
light,  is  found  to  bold  true  for  gases  and  vapors  and,  qualita- 
tively at  least,  for  most  solids  and  liquids.  Still  various  devia- 
tions from  the  law  have  long  been  recognized.  Arago  showed 
that  water  increased  in  refractive  power  in  changing  its  tem- 
perature from  that  corresponding  to  its  maximum  density  to 
the  freezing  point  This  has  since  been  made  the  subject  of  an 
investigation  by  Jamin,  who  gives  0°  C.  as  the  temperature  of 
maximum  refractive  power. 

More  recentiv  Dale  and  Gladstone  have  made  an  extensive 
study  of  the  changes  produced  in  the  refractive  and  dispersive 
powers  of  various  liquids  by  increase  of  temperature  ;  a  study 
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which  has  been  largely  extended  by  the  labors  of  Schraufif,  Lan- 
dolt  and  others.  In  all  liquids,  with  the  exception  noted  above, 
increase  of  refractive  power  accompanies  increase  of  density. 

Observations  of  the  same  sort  upon  solid  bodies  lead,  how- 
ever, to  mach  less  accordant  resulta  Badberg,  in  investigating 
the  optical  properties  of  several  crystals,  found  that  in  arrago- 
nite  and  quartz,  the  variations  in  density  and  refractive  index 
are  in  the  same  direction,  but  that  with  calcite  the  case  is 
different,  the  index  for  the  ordinary  ray  seeming  inde- 
pendent of  changes  in  temperature,  and  for  the  extra- 
ordinary ray  the  variation  is  abnormal.  This  is  less  strik- 
ing, however,  when  we  bear  in  mind  the  discovery  of 
Mitscherlich  that  the  deportment  of  Iceland  spar  in  regard  to 
extension  by  increase  of  temperature  is  quite  exceptional. 

But  before  Bud  berg's  investigation,  Arago  and  Neumann 
had  independently  pointed  out  tne  fact  that  glass  does  not  fol- 
low the  ordinary  law.  Fizeau  undertook  to  determine  quanti- 
tatively the  changes  which  various  glasses  undergo,  as  regards 
their  mean  indices  of  refraction,  and  devised  for  that  purpose, 
an  elegant  and  celebrated  method.  I  shall  quote  later,  some 
of  his  results,  the  only  quantitative  ones  which  1  have  been  able 
to  find. 

The  instrument  with  which  the  following  determinations  were 
made,  is  the  large  spectrometer  by  Meyerstein,  belonging  to 
the  Physical  Laboratory  of  the  jTohns  Hopkins  University. 
The  circle  is  12  inches  in  diameter,  divided  to  6^  and  reads  by 
two  microscopes  to  2".  The  probable  error  of  one  division  is 
1"*48,  and  its  larger  periodic  errors  are  expressed  in  the  formula 

N=2"-386+7"-82  sin  (2+62^  36')+2'M  sin  (2  24-157^) 

+4''-32  sin  (3  z-f  323^)+0'H6  sin  (4  2+122**) 
N  being  the  corrected  and  z  the  immediate  reading. 

Much  labor  was  expended  in  putting  the  instrument  in  so 
satisfactory  a  state,  for  in  order  to  secure  uniformity  of  reading 
it  was  found  necessary  to  re-grind  the  axis.  The  collimating 
telescope  too,  was,  by  inexcusable  carelessness  in  construction, 
directed  nearly  one-fourth  of  an  inch  away  from  the  axis,  thus 
vitiating  all  determinations  of  double  deviations  by  the  intro- 
duction of  unknown  errors  of  aberration  in  the  object  glass. 

At  the  center  of  the  instrument  is  a  small  circular  platform 
bearing  a  graduated  silver  limb  at  its  edge  which  is  read  by 
two  verniers  to  single  minutes  of  arc  This  platform  turns 
independently  of  the  large  circle  with  inconsiderable  friction, 
and  upon  it  is  placed  the  prism  to  be  studied.  The  methods 
adopted  to  adjust  the  instrument  and  prism,  and  to  measure 
the  angle  of  the  prism  were  exceedingly  accurate  and  perhaps 
find  a  proper  place  for  description  here. 
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In  the  focal  plane  of  the  positive  eye-piece  was  a  reticle  con- 
sisting of  lines  on  glass  ruled  as  follows : — a  system  of  two 
Eairs  of  parallel  lines  crossing  at  center  of  field,  one  pair  being 
orizoDtal  and  the  other  vertical,  the  angular  distance  (measured 
from  objective)  between  the  components  of  each  pair  being 
about  1' ;  and  a  single  line,  vertical  and  about  25'  to  the  right 
of  the  vertical  pair.  Over  this  single  line  was  placed  a  small 
totally  reflecting  prism,  one  of  its  faces  turned  toward  an  open- 
ing in  the  eye-tube.  The  advantage  of  this  arrangement  is  at 
once  evident,  for  it  was  possible  to  get  a  strongly  illuminated 
image  of  the  single  line,  reflected  b^  a  plane  beyond  the 
objective,  between  the  two  vertical  lines,  at  the  same  time 
avoiding  the  annoyance  of  waste  light  reflected  from  the  eye- 
lenses  on  the  one  hand,  since  the  mirror  was  within  the  eye- 
piece, and  from  the  objective  on  the  other,  owing  to  the  eccen- 
tric position  of  the  mirror. 

Tne  instrument  was  put  in  adjustment  by  means  of  a  piece 
of  plane-parallel  glass  placed  vertically  upon  the  platform,  i.  a, 
so  that  its  plane  was  parallel  to  the  axis  of  the  instrument 
The  platform  was  then  turned  with  the  glass  till  the  reflected 
image  of  the  reticle  was  seen  in  the  telescope.  The  telescope 
was  then  sharply  focused  upon  this  image  and  the  eye-piece 
clamped  in  that  position  as  evidently  corresponding  to  aajust- 
ment  for  parallel  rays,  at  least  for  rays  of  medium  wave  lengtL 
Then  the  glass  was  turned  180^  If  the  ima^e  of  the  horizontal 
lines  corresponded  with  the  lines  themselves  it  was  good ;  if  not, 
the  correction  was  divided  between  the  glass  and  the  telescope. 
Proceeding  in  this  way,  it  was  easy  to  adjust  the  telescope  so 
that  once  sighting  the  reflected  image  it  would  be  again  visible 
in  the  same  place  by  turning  the  elass  180*^,  and  that  inde- 
pendently of  the  azimuth  of  the  platform  as  referred  to  the 
large  circla  When  these  conditions  are  met  it  is  clear  that  the 
axes  of  the  instrument  and  platform  are  parallel,  while  that  of 
the  telescope  is  perpendicular  to  both.  The  proper  adjustment 
of  the  collimating  telescope  as  regards  focus  and  direction,  is  so 
evidently  attainable  from  these  that  it  is  not  worth  while 
describing  it  specially. 

In  order  to  measure  the  angle  of  a  prism,  it  was  placed  upon 
the  platform  in  the  place  of  the  glass  plate  and  adjusted  by  the 
proper  screws  until  both  faces  were  perpendicular  to  the  line  of 
coUimation  of  the  telescope;  a  reading  was  then  made  when 
the  image  of  the  single  vertical  line  fell  exactly  half  way 
between  the  two  wires  at  the  center  of  the  field.  The  error  of 
setting  was  found  to  be  generally  less  than  1^',  not  a  surprising 
result  when  one  remembers  that  the  three  lines  were  of  the 
same  intensity,  and  that  a  motion  of  but  8C  in  the  prism 
would  carry  the  reflected  line  from  one  of  the  pair  to  the  other. 
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The  next  step  was  to  rotate  the  great  circle,  and  with  it  the 
prism,  until  the  other  face  took  exactly  the  same  position ;  the 
reading  then  would  clearly  be  the  supplement  of  the  desired 
angle  ;  in  practice,  however,  the  angle  was  repeated  by  turning 
back  the  platform  independently  of  the  circle,  the  repetition 
being  carried  usually  to  six  times,  and  then  back  over  the  same 
ground  for  verification.  This  method  was  well  adapted  to  this 
work  as  the  mass  moved  independently  was  small,  and  turned 
with  little  friction.  It  failed  however,  as  might  be  expected,  in 
measuring  later  the  angles  of  deviation,  for  here  the  joints  to  be 
turned  were  much  larp^er,  and  that  limit  of  accuracy  which  is 
always  reached  so  easily  and  quickly  by  the  method  of  repeti- 
tion, was  not  below  that  of  a  single  reaaing  of  the  microscopes. 

Of  the  adjustment  of  the  prism  for  measuring  the  double 
angle  of  deviation  for  the  different  Fraunhofer  lines,  little  nfeed 
be  said  except  that,  besides  the  care  taken  in  placing  the  sur- 
faces exactly  parallel  to  the  axis  of  the  instrument,  the  prism 
was  shifted  on  the  platform  until,  seen  through  the  lens  of  the 
collimator  by  looking  through  the  slightly  opened  slit,  exactly 
the  same  central  portion  of  the  objective  was  projected  upon 
the  faces  of  the  prism  in  both  its  right  and  left  positions 
of  minimum  deviation.  This  is  a  >cery  important  precaution 
in  order  to  eliminate  errors  due  to  aberration,  which  must 
exist  in  every  lens  save  for  rays  of  a  single  wave  length,  or,  in 
rare  cases,  of  two  wave  lengths. 

The  position  of  the  prism  for  minimum  deviation  of  a  single 
line  was  carefully  determined  on  the  small  circle  attached  to 
the  platform,  by  experiment,  while  those  of  the  other  lines 
observed  were  computed  after  an  approximate  measurement 
of  the  angle  of  deviation. 

The  process  followed  in  making  the  measurements,  was  to 
point  the  telescope  upon  the  particular  Fraunhofer  line  which 
was  to  be  determined,  with  the  prism  in  its  first  position  of 
minimum  deviation  and  read  the  circle  by  both  microscopes, 
then  to  turn  the  prism  to  its  second  position  of  minimum  devi- 
ation and  read  again,  the  difference  of  readings  being  the 
double  deviation  required.  With  this  observaticm  was  also 
put  the  temperature  of  the  prism  at  the  time.  This  course 
was  pursued  from  six  to  ten  times,  using  in  each  case  a  dif- 
ferent portion  of  the  circle,  and  then  a  new  line  was  undertaken. 
In  order  to  determine  the  temperature  of  the  prism,  a  metal 
cell  was  cemented  to  the  prism,  the  back  of  which  formed  one 
side  of  the  receptacle;  in  this  was  placed  a  small  centigrade 
thermometer  reading  to  quarter  degrees,  estimated,  however,  to 
tenths,  and  then  filled  with  water.  The  reading  of  the  barom- 
eter was  also  taken  at  each  series  of  observations.  It  is  need- 
less to  say  that  each  reading  of  the  circle  was  corrected  by  an 
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amount  determined  from  the  formula  given  abova     The  prisms 
were  as  follows : 

I,  Of  FeiPs  flint  glass,  No.  1287,  sp.  gr.,  8-564. 

Angle  of  pnsm,  60^  4'  66'-21±0'18. 
n,  Of  Feirs  flint  glass.  No.  1241,  sp.  gr.,  81 61. 

Angle  of  prism,  69^  68'  81'  25±0'-61. 
in.  Of  Feirs  crown  glass.  No.  1219,  sp.  gr.,  2-482. 

Angle  of  prism,  60^  10'  9''04±0^28. 
IV,  Flint  glass,  sp.  gr.,  8-497. 

Angle  of  prism,  60^  7'  68'01db0'-20. 
V,  Crown  glass,  sp.  gr.,  2*610. 

Angle  of  prism,  69"  48'  13'-40±0'-08. 

The  materials  of  IV  and  V  have  been  in  my  possession  a 
long  time,  and  there  is  no  way  to  determine  what  they  are 
except  from  their  optical  properties,  and  the  statement  of  the 
optician  from  whom  I  procured  them,  that  the  first  is  of  French 
and  the  second  of  English  manufacture  I  suppose  IV  to  be  a 
flint  glass  of  FeiPs  making,  while  V  is  doubtless  of  the  so-called 
"  soft  crown  "  of  Chance  Brothers. 

The  temperature  affecting  the  observations  ranges  from 
14*^-9  C.  to  29^  C,  though  most  of  the  lines  were  measured 
with  a  maximum  difference  of  10^  C. 

The  reduction  of  the  observations  on  the  first  three  prisms 
to  a  temperature  of  20**  C.  and  barometric  height  of  thirty 
inches  gave  the  following  indices  of  refraction : 

Jbmperaiurej  20**  C,    Baromeirie  Iteightf  30  inches. 


L 

n. 

III. 

Line. 

n 

e 

n 

e 

n 

e 

A 

1-615258 

±3 

1-572464 

±6 

1-512456 

±3 

B 

1-618706 

3 

1-675332 

7 

1-514369 

3 

0 

1-620482 

3 

1-576815 

6 

1-515334 

3 

Df 

1-625421 

3 

1  580905 

6 

1-517965 

3 

6614 

1  -628001 

2 

1-583024 

6 

1*519292 

3 

E 

1-631893 

2 

1-586214 

7 

1-521274 

3 

P 

1-637756 

2 

1-590989 

6 

1-524182 

3 

4548 

1-643524 

3 

1-595660 

7 

1-526981 

3 

a 

1-649086 

3 

1-600129 

7 

1-529597 

3 

A 

1-654848 

3 

1-604749 

7 

1-532251 

3 

3951 

1-659757 

2 

1-608658 

7 

1*534458 

3 

In  this  table  the  first  column  indicates  the  Fraunhofer  line  to 
which  the  indices  of  refraction,  in  columns  headed  n,  refer. 
The  last  line  is  beautifully  defined  and  lies  nearly  midway 
between  H,  and  H,.  The  columns  under  e  give  the  probable 
errors  of  each  determination  in  units  of  the  sixth  place  decimal. 
It  should  be  remarked  here  that  the  larger  probable  errors  in 
the  determinations  of  prism  II  arise  from  the  greater  probable 
error  in  the  determination  of  its  refracting  angle,  hence  the 
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values  are  relatively,  though  net  absolutely,  as  accurate  as  the 
others. 

The  following  table  contains,  in  the  columns  under  it', 
increase  of  refractive  index  also  in  units  of  sixth  place,  corres- 
ponding to  an  increase  of  I^  C.  in  temperature. 


I. 

II. 

III. 

Line. 

k" 

k 

k" 

k 

y 

k 

A 
B 
0 

D, 

6614 

£ 

F 
4548 

G 

h 
3951 

412 
404 
3-96 
5-12 
6-68 
6-4;! 
6-69 

8-63 
8-03 
9-21 

3-79 
4-22 
4-46 
6-07 
6-40 
5-87 
6-57 
7-24 
7*86 
8-48 
8-99 

1-70 
2-35 
2-77 
2-43 
2-56 
2-68 
3-52 
4-32 
3*86 
4-78 
604 

1-74 
2-04 
219 
2-61 
2-84 
3-16 
3-63 
409 
4-61 
4  93 
6-28 

-  -82 

-  -30 

-  -06 

-  -00 
+    -04 

-  -09 

+  1-26 
+  1-06 
+  3-22 

—  -77 

—  -63 

-  -41 

-  -08 
+   -10 
+    -36 
+   -74 
+  1-11 
+  1-44 
+  1-78 
+  2-06 

It  is  evident  at  a  glance  that  the  values  of  k'  increase  in  each 
case  with  the  decrease  of  wave  length ;  and  it  was  found  that 
the  quantities  could  be  embodied,  within  the  limits  of  error  of 
the  observations,  by  a  formula  of  the  form 


««+/»(y*. 


The  significance  of  the  constants  a  and  /3  is  clearly  that  the 
first  is  the  change  in  refractive  power  for  light  of  indefinitely 
great  wave  length,  or  briefly,  the  change  in  refractive  power, 
and  the  second,  the  change  in  dispersive  power.  The  allow- 
ing are  the  numerical  values  for  the  three  cases: 


I fc=     1-876+1-110— . 


II Jfc=       -442+  -766 

III ^=-1  •818+0-604 


1^ 
1 


From  these,  the  quantities  contained  in  the  columns  headed  k 
are  computed. 

The  most  surprising  fact  which  these  results  point  out  is, 
that  the  variation  in  dispersive  power  attending  variation  in 
temperature  is  relatively  enormously  greater  than  that  of  the 
refractive  power.  This  has,  I  believe,  escaped  attention  here- 
tofore. It  could  hardly  have  passed  unheeded,  however,  did 
not  a  singular  relation  obtain  in  the  coefficients.  The  di8pe^ 
sive  powers  of  the  three  specimens  of  elass,  computed  in  the 
ordinary  way,  are  as  9:8:6  nearly,  while  the  coefficientB  in 
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iiestion  are  as  9:6:5  nearl}^ ;  hence  if  this  relation  holds 
pproximately  for  all  optical  glasses,  as  is  probable,  an  achro- 
matic combination  good  for  one  temperature  is  good  for  all 
thers  within  moderate  limits. 

Fizeao  found,  in  the  researches  before  alluded  to,  values  for 
he  refractive  increment  for  1**  C,  not  unlike  our  own,  namely  : 

Crown  glass  (zinc),  sp.  gn,  2*626,  k^zzzO-OO. 
Common  flint  glass,  sp.  gr.,  3-584,  ^d=:2*6. 
Dense  flint  glass,      sp.  gr.,    4*14,  ^^=6*87. 


?he  magnitudes  of  the  quantities  k  show  at  once  the  importance  of 
bserving  the  temperature  of  the  prism  in  every  accurate  deter- 
ciination  of  refractive  indices,  neglect  in  so  doing  generally  viti- 
ting  the  fifth  decimal  place.  It  may  be  remarked,  too,  that 
rdinary  variations  in  barometric  pressure  cannot  be  neglected 
?hen  it  is  desired  to  limit  the  errors  to  the  sixth  decimal  place. 
The  prisms  IV  and  V  were  not  studied  to  determine  the 
eraperature  constants  as  were  the  others,  but  were  observed 
t  as  nearly  the  temperature  of  20°  C.  as  possible,  and  reduced 
>y  means  of  the  constants  given  above.  I  add  these  results 
lere  because  the  indices  are  given  with  great  accuracy,  and 
he  "soft  crown,"  though  largely  used  in  photographic  instru- 
lents,  has  not  been  much  studied.  It  should  be  stated,  how- 
ver,  that  Van  der  Willigen  has  published  the  constants  of  a 
lass  which  seems  nearly  identical. 

TemperiUwrey  20''  O.    Barometer,  30  inches. 


Line. 

rv. 

V. 

A    , 

^    1-603946 

1  -509607 

B 

J -607306 

1-611584 

C 

1-609041 

1-512580 

I>, 

1-613843 

1-515288 

5614 

1-616333 

1-616673 

E 

1*620103 

1-618719 

P 

1-626751 

1-521696 

G 

1-636702 

1-527300 

h 

1-642284 

1-530076 

3961 

1-647048 

1-632381 

^'he  probable  errors  were  not  computed,  for  the  reason  that  the 
emperature  corrections  were  assumed;  but  as  regards  their 
ccuracy,  the  values  under  IV  are  perhaps  quite  as  good  as 
hpse  which  go  before;  those  under  V,  on  the  other  hand, 
lave  much  larger  errors,  though  probably  in  every  case  below 
wo  units  in  the  fifth  place.  This  finds  its  explanation  in  the 
act  that  the  material  was  not  homogeneous,  thus  giving  less 
lerfect  definition  than  the  others,  though  the  surfaces  of  the 
•rism  were  of  the  same  excellence. 

I  have  made  these  determinations  for  the  purpose  of  discuss- 
ig  the  theory  of  the  astronomical  objective. 
Johns  HopUns  UniTersitjr,  January,  1878. 
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Art.  XL. — A  note  on  Experiments  with  floating  Magnets;  showing 

the  motions  and  arrangements  in  a  plane  of  freely  moving  bodies^ 

acted  on  by  forces  of  attraction  and  repulsion  ;  and  serving  in 

t/ie  study  of  the  directions  and  motions  of  the  lines  of  magtietic 

force;  by  Alfbed  M.  Mayer. 

For  one  of  my  little  books  of  the  Experimental  Science 
Series  I  have  devised  a  system  of  experiments  which  illustrate 
the  action  of  atomic  forces,  and  the  atomic  arrangement  in 
molecules,  in  so  pleasing  a  manner,  that  I  think  these  experi- 
ments should  be  known  to  those  interested  in  the  study  and 
teaching  of  physica 

A  dozen  or  more  of  No.  6  or  6  sewing  needles  are  mag- 
netized with  their  points  of  the  same  polarity,  say  north. 
Each  needle  is  run  into  a  small  cork«  \  in  long  and  j\  in.  in 
diameter,  which  is  of  such  size  that  it  just  floats  the  needle  in 
an  upright  position.  The  eye  end  of  the  needle  just  comes 
through  the  top  of  the  cork. 

Float  three  of  these  vertical  magnetic  needles  in  a  bowl  of 
water,  and  then  slowly  bring  down  over  them  the  N.  pole  of  a 
rather  large  cylindrical  magnet  The  mutually  repellant 
needles  at  once  approach  each  other  and  finally  arrange  them- 
selves at  the  vertices  of  an  equilateral  triangle,  thus  •*. .  The 
needles  come  nearer  tx>gether  or  go  further  away  as  the  magnet, 
above  them,  approaches  them  or  is  removed  from  them. 
Vibrations  of  tbe  magnet  up  and  down  cause  the  needles  to 
vibrate;  the  triangle  formed  by  them  alternately  increasing  and 
diminishing  in  siza  # 

On  lifting  the  magnet  vertically  to  a  distance  the  needles 
mutually  repel  and  end  by  taking  up  positions  at  the  vertices 
of  a  triangle  inscribed  to  the  bowL 

Four  floating  needles  take  these  two  forms     '    '        ; 
Five        " 


(C  it  tt  it  U 


Six 


Seven 


a  a  a  n       n  a         •     .     •         ,    , 

•     •         ... 

«  ((  i(  n         u  n  .      •      , 

a  • 


I  have  obtained  the  figui'es  up  to  the  combination  of  twenty 
floatino;  needles.  Some  of  these  forms  are  stable ;  others  are 
unstable,  and  are  sent  into  the  stable  forms  by  vibration. 

These  experiments  can  be  varied  without  end.  It  is  c^ 
tainly   interesting  to  see  the  mutual  effect  of  two  or  more 
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vibrating  systems,  each  ruled  more  or  less  by  the  motions  of  its 
own  saperposed  magnet ;  to  witness  the  deformations  and 
decompositions  of  one  molecular  arrangement  by  the  vibrations 
of  a  neighboring  groap,  to  note  the  changes  in  form  which  take 
place  when  a  larger  magnet  enters  the  combination,  and  to  see 
the  deformation  of  groups  produced  by  the  side  action  of  a 
magnet  placed  near  the  bowl. 

In  the  vertical  lantern  these  exhibitions  are  suggestive  of 
much  thought  to  the  student  Of  course  they  are  merely  sug- 
gestion?  ana  illustrations  of  molecular  actions  and  forms ;  for 
they  exhibit  only  the  results  of  actions  in  a  plane;  so  the 
student  should  be  careful  how  he  draws  conclusions  from  them 
as  to  the  grouping  and  mutual  actions  of  molecules  in  space. 

1  will  here  add  that  I  use  needles  floating  vertically  and 
horizontally  in  water  as  delicate  and  mobile  indicators  of  mag- 
netic actions ;  such  as  the  determination  of  the  position  of  the 
poles  in  magnets,  and  the  displacement  of  the  lines  of  magnetic 
force  daring  inductive  action  on  plates  of  metal,  at  rest  and  in 
motion. 

The  vibratory  motions  in  the  lines  of  force  in  the  Bell-tele- 
phone  have  been  studied  from  the  motions  of  a  needle  (float- 
ing vertically  under  the  pole  of  the  magnet),  caused  by  moving 
to  and  fro  through  determined  distances,  the  thin  iron  plate  in 
front  of  this  magnet  These  experiments  are  worth  repeating 
bv  those  who  desire  clearer  conceptions  of  the  manner  of  action 
ot  that  remarkable  instrument 


Art.  XLT. — On  (he  Intrusive  Nature  of  the  Triassic  Trap  Sheets 

of  New  Jersey  ;  by  I.  C.  Russell. 

Although  the  trap  sheets  which  traverse  the  Triassic  rocks 
of  New  Jersey  and  of  the  Connecticut  Valley  are  commonly 
spoken  of  as  being  dikes  of  igneous  rocks,  yet  the  proof  of 
tneir  intrusive  nature  is  seldom  given.  As  the  igneous  origin 
of  these  rocks  has  been  questioned  by  some  persons,  we  take 
the  present  opportunity  of  calling  the  attention  of  geologists  to 
a  locality  where  the  proof  that  these  sheets  of  trap  were  really 
forced  out  in  a  molten  condition  between  the  layers  of  sedimen- 
tary rocks,  is  very  positively  shown. 

The  trap  ridges  of  New  Jersey  have  a  general  north  and 
%outh  direction,  usually  conformable  with  the  strike  of  the 
%fl0ociated  sandstones  and  shales  which  compose  the  great  mass 
of  the  Triassic  formation.  The  trap  rocks,  also,  seem  usually 
to  be  conformable  in  dip  with  the  stratified  rocks  above  and 
below  them.    These  facts,  together  with  the  consideration  of 
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the  rare  occurrence  of  the  exposure  of  the  junction  of  the  trap 
rocks  wrtb  the  stratified  rocks  that  overlie  them— owing  to  the 
removal  of  the  latter  by  denudation,  and  to  the  line  of  contact 
being  covered  with  drift  or  overgrown  bj  v^etation — have  led 
to  the  supposition  that  the  sheets  of  trap  were  not  intmsive,  but 
were  formed  cotemporaneouslj  with  the  shales  and  sandstones 
as  a  bed  or  stratum  of  i^eous  rock,  which  was  spread  oat  in  a 
molten  condition  at  the  bottom  of  the  shallow  sea  in  which  the 
stratified  rocks  were  being  deposited.  The  question  in  hand, 
then,  is  to  determine  (1)  whether  the  plutonic  rocks  of  the 
Triassic  were  spread  out  as  a  sheet  of  molten  matter  and  allowed 
to  cool  and  consolidate  before  the  rocks  that  rest  upon  them 
were  deposited,  both,  therefore,  belonging  to  the  same  geolog- 
ical period ;  or  (2)  were  the  trap  rocks  forced  out  in  a  fuseid  state 
among  the  sedimentary  strata  after  their  consolidation,  which, 
consequently,  would  make  them  more  recent  than  either  the 
rocks  above  or  below  them. 

For  the  purpose  of  deciding  these  questions  to  our  own  satis- 
faction, we  have  examined  the  trap  ridge  known  as  the  First 
Newark  Mountain,  for  some  twenty  miles  of  its  course  in  the 
neighborhood  of  Plainfield,  New  Jersey.  We  hoped  by  making 
the  following  examinations  to  acquire  the  desired  information  in 
reference  to  the  history  of  these  mountains : 

1st  To  discover  if  the  sedimentary  rocks  that  repose  upon  the 
igneous  ones  have  been  changed  from  their  normal  condition  by 
the  action  of  heat  at  the  surface  of  contact 

2d.  To  determine,  if  possible,  if  the  trap  sheets  seem  in  all 
cases  to  be  conformable  in  bedding  with  the  stratified  rocks 
with  which  they  are  associated. 

It  is  not  difficult  to  find  the  junction  of  these  igneous  rocks 
with  the  shales  and  sandstones  that  underlie  them.  In  all  such 
cases  that  have  come  under  our  notice,  the  stratified  rocks  have 
been  found  to  be  highly  altered  and  show  very  plainly  that 
they  have  been  exposed  to  intense  heat  At  a  number  of  places 
beneath  the  tittp  rock  forming  the  Palisades  on  the  western 
shore  of  the  Hudson,  this  change  may  be  observed ;  in  some 
instances  the  sandstone  beneath  the  trap  has  been  metamor- 

? hosed  into  a  compact  vitreous  quartzite.  At  the  Falls  of  the 
*assaic  the  junction  of  the  igneous  rocks,  with  the  altered  sedi- 
mentary rocks  beneath,  is  well  exposed.  We  have  also  observ- 
ed similar  indications  of  the  action  of  great  heat  at  a  number 
of  places  in  the  shales  and  sandstones  beneath  the  trap  rocks  in 
the  neighborhood  of  Plainfield,  New  Jersey. 

These  observations  indicate  very  clearly  that  the  Triassic 
traps  were  once  in  a  highly  heated  and  probably  molten  condi- 
tion, this  is  also  shown  by  their  crystalline  structure.  If  these 
fused  rocks  had  been  allowed  to  cool  and  consolidate,  as  we 
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were  at  one  time  inclined  to  suppose,  before  the  sandstones  and 
shales  above  them  were  deposited,  then,  of  coarse,  the  rock 
resting  apon  the  trap  woula  show  no  alteration  similar  to  the 
changes  that  have  affected  the  stratified  rocks  beneath. 

As  we  have  said,  to  obtain  definite  proof  of  sach  alteration 
in  the  stratified  rock  above  th^  trap  is  quite  difficult  Although 
the  writer  has  made  himself  tolerably  familiar  with  the  Trias- 
sic formation  of  New  Jersey,  and  has  made  many  long  excur- 
sions with  the  hope  of  finding  such  an  exposure,  yet  in  only 
one  instance  had  he  been  successful  On  the  western  slope  of 
the  First  Newark  Mountain,  directly  west  of  Westfield,  New 
Jersey,  and  near  the  little  deserted  village  of  Feltville,  the  de- 
sired junction  is  very  plainly  shown.-  We  there  found  one 
page  of  the  history  of  tne  Triassic  formation  clearly  lesibla 

At  this  locality  the  stratified  rocks  are  well  exposed  in  the 
sides  of  a  deep  ravine  which  has  been  carved  out  by  a  small 
brook  that  flows  down  the  western  slope  of  the  mountain. 
The  stream  found  but  little  difficultv  in  aeepening  its  channel 
until  it  came  to  the  hard  igneous  rocks  over  which  it  now  flows. 
The  trap  rock,  which  appears  in  the  bed  of  the  stream  in  some 
places,  presents  its  usual  characteristics  of  a  hard,  bluish,  crys- 
talline rock,  with  a  conchoidal  fracture,  similar  in  every  way 
with  the  appearance  it  presents  in  neighboring  localities  where 
it  is  more  thoroughly  exposed.  In  other  places  it  swells  up 
into  bosses  and  rounded  masses  which  are  thrust  up  into  the 
overlying  rocks.  The  outside  of  these  masses  present  a  scoria- 
ceous  or  slag-like  appearance ;  in  the  interior  the  cavities  are 
filled  with  infiltrated  minerals.  The  shales  that  rest  directly 
upon  these  igneous  rocks  have,  in  many  places,  been  di.'Jturbed 
from  their  normal  position  and  greatly  altered  in  texture  and 
color.  For  the  first  two  or  three  feet  above  the  trap  tfie  shales 
have  been  intensely  metamorphosed,  and  are  scarcely  to  be  dis- 
tinguished from  tne  trap  itsell  In  hand  specimens  it  is  fre- 
quently impossible  to  determine  from  their  appearance  alone 
which  IS  trap  and  which  is  metamorphosed  shale.  At  a  distance 
of  six  or  eight  feet  above  the  trap  the  shales  are  still  very  much 
altered  and  filled  with  a  great  number  of  small  spherical  masses 
of  a  dark  green  mineral,  resemblir»g  epidote.  Midway  up  the 
sides  of  the  ravine,  which  is  about  thirty  feet  deep,  the  snales 
present  somewhat  of  their  usual  reddish  appearance,  but  are 
traversed  by  a  great  number  of  irregular  cavities  formed  by  the 
expansion  of  vapor,  while  the  rocks  were  in  a  semi-plastic  con- 
dition. At  a  distance  of  twenty-five  or  thirty  feet  above  the 
trap,  the  shales  and  sandstones  are  changed  but  slightly,  if  at 
all,  from  their  normal  condition.  A  bed  of  limestone  from  two 
to  three  feet  in  thickness,  which  is  here  interstratified  with  the 
shales  and  sandstones — ^a  very  rare  occurrence  in  the  Triassic 
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formation  of  New  Jersey — where  it  approaches  the  trap  is  con- 
siderably altered  and  forms  a  mass  of  semi-crystallized  carbon- 
ate of  lime. 

Near  the  junction  of  the  metamorphosed  shales  and  the  igne- 
ous rocks  beneath,  we  found  in  a  number  of  places  a  peculiar 
rock  composed  of  angular  fragmei^  of  a  greenish  rock,  resem- 
bling dark-green  serpentine  in  appearance,  bound  together  by  a 
reddish  cement — thus  forming  a  typical  breccia.  This  remarka- 
ble rock,  which  we  have  never  seen  in  any  other  locality,  in  some 
places  is  two  feet  or  more  in  thickness,  at  other  times  it  fills  the 
spaces  between  concentric  masses  of  igneous  rock  or  metamor- 
pnosed  shale.  Numerous  small  cavities  that  occur  in  the  brec- 
cia have  been  filled  by  infiltration  with  calotte  and  zeolites. 
This  interesting  material  seems  to  have  a  history  somewhat 
similar  to  that  of  the  **  friction  breccias,"  mentioned  by  Von 
Cotta,  as  occurring  at  the  margins  of  eruptive  igneous  rocks, 
and  formed  at  the  time  of  their  eruption. 

The  section  at  Feltville  furnishes  indisputable  evidence  that 
the  igneous  rocks,  composing  the  First  Newark  Mountain,  were 
intruded  in  a  molten  state  between  the  layers  of  the  stratified 
rocks  subsequent  to  their  consolidation.  As  these  mountains 
are  in  every  way  similar  to  the  rest  of  the  trap  ridges  which 
traverse  the  Triassic  regions  of  New  Jersey,  from  analogy  we 
should  extend  this  conclusion  so  as  to  embrace  them  alL 

The  distinctness  with  which  this  one  consideration  relating  to 
the  Triassic  trap  sheets  has  been  answered,  seems  by  contrast 
only  to  make  other  questions  in  their  history  more  obscura 
We  cannot  now  determine  in  what  age  after  the  consolidation 
of  the  Triassic  sedimentary  rocks  the  outbursts  of  trap  oc- 
curred. Neither  can  we  decide  whether  or  not  the  several  trap 
ridges  that  traverse  the  Triassic  were  formed  at  one  time.  It 
may  be  that  one  is  thousands  of  years  older  than  its  neighbor. 

As  regards  the  conformability  of  the  trap  sheets  with  the 
associated  sedimentary  rocks,  we  have  but  little  information  to 
offer,  independent  of  the  section  at  Feltville  which  we  have 
already  described.  The  curved  course  which  a  number  of  the 
trap  ridges  in  New  Jersey  follow,  seems  to  indicate  that  thej 
must  cut  across  the  strata  of  the  sedimentary  rocks,  whicbt 
throughout  the  whole  Triassic  area  in  New  Jersey,  have  a 
nearly  uniform  dip  of  from  twelve  degrees  to  fifteen  degrees 
toward  the  northwest 
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Art.  ^jUjH.'— Research  on  the  Absolute  Unit  of  Electrical  Resist- 
ance; by  Henry  A.  Eowland,*  Professor  of  Physics  in  the 
Johns  Hopkins  University,  Baltimore,  Md. 

Preliminary  Remarks. 

Since  the  classical  determination  of  the  absolute  unit  of  elec- 
trical resistance  by  the  Committee  on  Electrical  Standards  of  the 
British  Association,  two  re  determinations  have  been  made,  one 
in  Germany  and  the  other  in  Denmark,  which  each  differ  two 
per  cent  from  the  British  Association  determination,  the  one  on 
one  side  and  the  other  on  the  other  side,  making  a  total  differ- 
ence of  four  per  cent  between  the  two.  Such  a  great  difference 
in  experiments  which  are  capable  of  considerable  exactness, 
seems  so  strange  that  I  decided  to  make  a  new  determination  by 
a  method  different  from  any  yet  used,  and  which  seemed  capable 
of  the  greatest  exactness ;  and  to  guard  against  all  error,  it  was 
decided  to  determine  all  the  important  factors  in  at  least  two 
different  ways,  and  to  eliminate  most  of  the  corrections  by  the 
method  of  experiment,  rather  than  by  calculation.  The 
method  of  experiment  depended  upon  the  induction  of  a  cur- 
rent on  a  closed  circuit,  and  in  this  respect  resembled  that  of 
Kirchhoff,  but  it  differed  from  his  inasmuch  as,  in  my  experi- 
meut,  the  induction  current  was  produced  by  reversing  the 
main  current,  and  in  Kirchhoff's  by  removing  the  circuits  to  a 
distance  from  each  other.  And  it  seems  to  me  that  this 
method  is  capable  of  greater  exactness  than  any  other,  and  it 
certainly  possessed  the  greatest  simplicity  in  theory  and  facil- 
ity in  experiment 

In  the  carrying  out  of  the  experiment  I  have  partly  availed 
myself  of  my  own  instruments  and  have  partly  dittwn  on  the 
collection  of  the  University,  which  possesses  many  unique  and 
accurate  instruments  for  electric  and  magnetic  measurements. 
To  insure  uniformity  and  accuracy,  the  coils  of  all  these  instru- 
ments have  been  wound  with  my  own  hands  and  the  measure- 
ments reduced  to  a  standard  rule  which  was  again  compared 
with  the  standard  at  Washington.  Unlike  manv  German  in- 
8truments,  quite  fine  wire  has  always  been  used  and  the  num- 
ber of  coils  multiplied,  for  in  this  way  the  constants  of  the  coils 
eao  be  more  exactly  determined,  there  is  less  relative  action 
from  the  wire  connecting  the  coils,  and  above  all  we  know  ex- 
actly where  the  current  passes. 

The  experiment  was  performed  in  the  back  room  of  a  small 
house  near  the  University,  which   was  reasonably  free  from 

*  I  am  grestlj  indebted  to  Mr.  Jacques,  Fellow  of  the  Uniyeraitj,  who  is  an 
exoeUent  obeeirer,  for  his  assistance  during  the  experiment,  particularly  in  read- 
ing the  tangent  galyanometer. 
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• 
magnetic  and  other  physical  disturbances.  As  the  magnetic 
disturbance  was  elimmated  in  the  experiment,  it  was  not  neces- 
sary to  select  a  r^on  entirely  free  from  such  disturbance. 
The  small  probable  error  proves  that  sufficient  precaution  was 
taken  in  this  respect 

The  result  of  the  experiment  that  the  British  Association 
unit  is  too  great  by  about  88  per  cent,  agrees  well  with  Joule's 
experiment  on  the  heat  generated  in  a  wire  by  a  current,  and 
makes  the  mechanical  equivalent  as  thus  obtained  very  nearly 
that  which  he  found  from  friction :  it  is  intermediate  between 
the  result  of  Lorenz  and  the  British  Association  Ck)mmittee; 
and  it  agrees  almost  exactly  vrith  the  British  Association  Com* 
mittee  s  experiments,  if  we  accept  the  correction  which  I  have 
applied  below. 

The  diflFerence  of  nearly  three  per  cent  which  remains  be- 
tween my  result  and  that  of  Kohlrausch  is  difficult  to  explain, 
but  it  is  thought  that  something  has  been  done  in  this  direc- 
tion in  the  criticism  of  his  method  and  results  which  are  en- 
tered into  below.  My  value,  when  introduced  into  Thoms6n's 
and  Maxwell's  values  of  the  ratio  of  the  electromagnetic  to  the 
electrostatic  units  of  electricity,  caused  a  yet  further  deviation 
from  its  value  as  given  in  Maxwell's  electromagnetic  theory  of 
light:  but  experiments  on  this  ratio  have  not  yet  attained  the 
highest  accuracy. 

History, 

The  first  determination  of  the  resistance  of  a  wire  in  absolute 
measure  was  made  by  Kirchhoff*  in  1849  in  answer  to  a  ques- 
tion propounded  by  Neumann,  in   whose  theory  of  electrody- 
namic  induction  a  constant  appeared   whose  numerical   value 
was  unknown   until  that  time.     His  method,  like  that  of  this 
paper,  depended  on  induction  from  currents:  only  one  galva- 
nometer was  used  and  the  primary  current  was  measured  by 
allowing  only  a  small  proportion  of  it  to  pass  through  the  gal- 
vanometer by  means  of  a  shunt,   while  all  the  induced  current 
passed  through  it.     But,  owing  to  the  heating  of  the  wire?,  the 
shunt  ratio  cannot  be  relied  upon  as  constant,  and  hence  the 
defect  of  the  method.     At  present  this  experiment  has  only  his- 
torical value,  seeing  that  no  exact  record  was  kept  of  it  in  a 
standard  resistance.     However  we  know  that  the  wire  was  of 
copper  and  the  temperature  0°  R  and  that  the  result  obtained 
gave  the  resistance  of  the  wire  \  smaller  than  Weber  found  for 
the  same  wire  at  20°  R.  in  1851. 

In   1851,  Weber  publishedf  experiments  by  two  methods, 
first  by  means  of  an  earth  inductor,  and  second  by  observing 

*  Bestimmung  der  Constanten  von  welchor  die  Intensitat  indudrter  elektrischer 
Strome  abhangt.     Pogg.  Ann ,  Bd.  76,  S.  412. 
f  Elekirodjnainisdie  Maasbestimmungen ;  or  Pogg.  Ann.,  Bd.  82,  S.  337. 
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the  damping  of  a  swinging  needle.  Three  experiments  gave 
for  the  resistance  of  the  circuit  190310^,  189810^,  and  1900  10* 

,  but  it  is  to  be  noted  that  a  correction  of  five  eighths  per 

cent  was  made  on  account  of  the  time,  two  seconds,  which  it 
took  to  turn  the  earth-inductor,  and  that  no  account  was  taken 
of  the  temperature,  although  the  material  was  copper.    He  finds 

for  the  value  of  the  Jacobi  unit,  o98*10'' .  Three  years  after 

that,  in  1858,  Weber  made  another  determination  of  the  spe- 
cific resistance  of  copper.*  But  these  determinations  were 
more  to  develop  the  method  than  for  exact  measurement,  and 
it  was  not  until  1862f  that  Weber  made  an  exact  determina- 
tion which  he  expected  to  be  standard.  In  this  last  determin- 
ation he  used  a  method  compounded  of  his  first  two  methods 
by  which  the  constant  of  the  galvanometer  was  eliminated,  and 
the  same  method  has  since  been  used  bv  Kohlrausch  in  his 
experiments  of  1870.  The  results  of  these  experiments  were 
embodied  in  a  determination  of  the  value  of  the  Siemens  unit 
and  of  a  standard  which  was  s^nt  by  Sir  Wm.  Thomson.  As 
the  old  Siemens  units  seem  to  vary  among  themselves  one  or 
two  per  cent,  and  as  the  result  from  Thomson's  coil  differs  more 
than  one  per  cent  from  that  which  would  be  obtained  with  any 
known  value  of  the  Siemens  unit,  we  cannot  be  said  to  know 
the  exact  result  of  these  experiments  at  the  present  tima  Be- 
side which,  it  was  not  until  the  experiments  of  Dr.  Matthiessen 
on  the  electric  permanence  of  metals  and  alloys,  that  a  suitable 
material  could  oe  selected  For  the  standard  resistance. 

The  matter  was  in  this  state  when  a  committee  was  appointed 
by  the  British  Association  in  1861,  who,  by  their  experiments 
which  have  extended  through  eight  years,  nave  done  so  much 
for  the  absolute  system  of  electrical  measurements.  But  the 
actual  determination  of  the  unit  was  made  in  1863-4.  The 
method  used  was  that  of  the  revolving  coil  of  Sir  William 
Thomson,  the  principal  advantage  of  which  was  its  simplic- 
ity and  the  fact  that  the  local  variation  of  the  earth's  mag- 
netism was  entirely  eliminated  and  only  entered  into  the  cal- 
culation as  a  small  correction.  The  principle  of  the  method 
is  of  extreme  beauty,  seeing  that  the  same  earth's  magnet- 
ism which  causes  the  needle  at  the  center  of  the  coil  to  point 
in  the  magnetic  meridian  also  causes  the  current  in  the  re- 
volving coil  which  deflects  the  needle  from  that  meridian. 
Whenever  a  conducting  body  moves  in  a  magnetic  field,  cur- 
rents are  generated  in  it  in  such  direction  tliat  the  total   re- 

*  Abh.  d.  Kdn.  C^es.  <L  Wissenschaften  zu  Gottingen.  Bd.  5. 
f  Znr  GkdTanometrie;  Gottingen,  1862.    Also  Abh.  d.  K.  Ges.  d.  Wis.  sn  Got- 
tingen, Bd.  10. 
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saltant  action  is  such  that  the  lines  of  force  are  apparently 
dragged  afler  the  body  as  though  they  met  with  resistance 
in  passing  through  it:  and  so  we  may  regard  Thomson's 
method  as  a  means  of  measuring  the  amount  of  this  dragging 
action. 

But,  however  beautiful  and  apparently  simple  the  method 
may  appear  in  theory,  yet  when  we  come  to  the  details  we  find 
many  reasons  for  not  expecting  the  finest  results  from  it 
Nearly  all  these  reasons  have  been  stated  by  Kohlrausch,  and  I 
CAn  do  barely  more  in  this  direction  than  review  his  objections, 
point  out  the  direction  in  which  each  would  affect  the  result, 
and  perhaps  in  some  cases  estimate  the  amount 

In  the  first  place,  as  the  needle  also  induced  currents  in  the 
coil  which  tended  in  turn  to  deflect  the  needle,  the  needle  must 
have  a  very  small  magnetic  moment  in  order  that  this  term  may 
be  small  enough  to  be  treated  as  a  correction.  For  this  reason 
the  magnetic  needle  was  a  small  steel  sphere  8  mm.  diameter, 
and  not  magnetized  to  saturation.  It  is  evident  that  in  a  qui- 
escent magnetic  field  such  a  magnet  would  give  the  direction 
of  the  lines  of  force  as  accurately  as  the  large  magnets  of  Oauss 
and  Weber,  weighing  many  pounds.  But  the  magnetic  force 
due  to  the  revolving  coil  is  intermittent  and  the  needle  must 
show  as  it  were  the  average  force,  together  with  the  action  due 
to  induced  magnetization.  Whether  the  magnet  shows  the 
average  force  acting  on  it  or  not,  depends  upon  the  constancy 
of  the  magnetic  axis,  and  there  seems  to  be  no  reason  to  sup- 
pose that  this  would  change  in  the  slightest,  though  it  would 
nave  been  better  to  have  made  the  form  of  the  magnet  such 
that  it  would  have  been  impossible.  The  induced  magnetism 
of  the  sphere  would  not  affect  the  result,  were  it  not  for  the 
time  taken  in  magnetization :  on  this  account  the  needle  is 
dragged  with  the  coil,  and  hence  makes  the  deflection  greater 
than  it  should  be,  and  the  absolute  value  of  the  Ohm  too  small 
by  a  very  small  quantity.  The  currents  induced  in  the  sus- 
pended parts  also  act  in  the  same  direction.  Neither  of  these 
can  be  estimated,  but  they  are  evidently  very  minute. 

The  mere  fact  that  this  small  magnet  was  attached  to  a  com- 
paratively large  mirror  which  was  exposed  to  air  currents 
could  hardly  have  affected  the  result,  seeing  that  the  disturb- 
ances would  have  been  all  eliminated  except  those  due  to  air 
currents  from  the  revolving  coil,  and  which  we  are  assured  did 
not  exist  from  the  fact  that  np  deflection  took  place  when  the  coil 
was  revolved  with  the  circuit  broken.  In  revolving  the  coil  in 
opposite  directions  very  different  results  were  obtiiined,  and  the 
explanation  of  this  has  caused  considerable  discussion.  As 
this  is  of  fundamental  importance  I  shall  consider  it  in  detail. 

The  magnet  was  suspended  by  a  single  fiber  seven  feet  long, 
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and  the  deflection  was  diminished  by  its  torsion  '00182.  No 
mention  is  made  of  the  method  used  for  untwisting  the  fiber, 
and  we  see  that  it  would  require  only  2*1 1  turns  to  deflect  the 
needle  1°  from  the  meridian.  To  estimate  the  approximate 
effect  of  this,  we  may  omit  from  Maxwell's  equation*  all  the 
other  minor  corrections  and  we  have 

QKwcosq)  GKw — r  , 

where  we  have  substituted  (p—fi  for  ^  in  Maxwell's  equation 
in  the  term  involving  L  In  this  equation  (p  is  measured  from 
the  magnetic  meridian ;  but  let  us  take  ^  as  the  angle  from  the 
point  of  equilibrium.  Then  t/)'=q/+a  and  tl)''=w''—a,  where 
^'  and  ^'  are  for  negative  rotation  and  ^''  and  <p  '  for  positive 

rotation  and  a=  arc  sin  :j— . 
Let  C= 


Then  CR'= 


GW= 


tan  ^'(1+0* 
1 


tan  ^'{y-^t)' 

Where  E'  and  R''  are  the  apparent  values  of  the  resistance  as 
calculated  from  the  negative  and  positive  rotations,  and  R,  is 
the  mean  of  the  two  as  taken  from  the  table  published  by  the 
British  Association  Committea     If  R  is  the  true  resistance, 

••»^('-H)(>+^)     -^-C+OO-S^.)- 

We  shall  then  find  approximately 

1+  tan  0'  tan  a  1  —  tan  t\)'  tan  a 


\    *    sm  q)/  \        tan  ^ V  \        »in  9  /  \        *»«  'P  / 

When  a  is  small  compared  with  ip''  or  t/)\  and  when  these  are 
also  small,  we  have 

R=RXl+a«(a«— i^«)+&c.). 

So  that  by  taking  the  mean  of  positive  and  negative  rotations, 
the  effect  of  torsion  i^  almost  entirely  eliminated.  Now  a  is 
the  angle  by  which  the  needle  is  deflected  from  the  magnetic 

1    /       R'\ 
meridian  by  the  torsion  and  its  value  is  -^A^"^)  nearly, 

*  "  Reports  on  Electrical  Standards,"  p.  103. 
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when  a  is  small,  and  this,  in  one  or  two  of  their  experiments, 
exceeds  unity  or  a  exceeds  28°'6,  which  is  absurd.     Taking 

even  one  of  the  ordinary-  cases  where  =r^=102  and  f  is  about 

y',,  we  have  a=12°*  nearly,  which  is  a  value  so  large  that  it 
would  surely  have  been  noticed.  Hence  we  may  coDclude 
that  no  reasonable  amount  of  torsion  in  the  silk  fiber  could 
have  produced  the  difference  in  the  results  from  positive  and 
nesrative  rotation,  as  has  been  stated  by  Mr.  Fleming  Jenkin 
in  his  "Report  on  the  New  Unit  of  Electrical  Resistance."* 

The  greatest  value  which  we  can  .possibly  assign  to  a  which 
might  have  remained  unnoticed  is  y*,,  which  would  not  have 
affected  the  experiment  to  any  appreciable  extent 

Another  source  of  error  which  may  produce  the  difference  we 
are  discussing  is  connected  with   the  heavy  metal   frame  of 
the  apparatus,  in  which  currents  can  be  induced  by  the  revolv- 
ing coiL     The  coil  passes  so  near  the  frame-work  that  the 
currents  in  it  must  be  quite  stntng  and  produce  considerable 
magnetic  effect     Kohlrausch  has  pointed  out  the  existence  of 
these  currents,  but  has  failed  to  consider  the  theory  of  them. 
Now,  from  the  fact  that  after  any  number  of  revolutions  the 
number  of  lines  of  force  passing  through  any  part  of  the  appa- 
ratus is  the  same  as  before,  we  immediatelv  deduce  the  fact 
that,  if  Ohm's  law  be  correct,  the  algebraical  sum  of  the  car- 
rents  at  every  point  in  the  frame  is  zero,  and  hence  the  average 
magnetic  action  on  the  needle  zero.     But  although  these  cur- 
rents can  have  no  direct  action,  they  can  still  act  by  modifying 
the  current  in  the  coil ;  for  while  the  coil  is  nearing  one  of  the 
supports  the  current  in  the  coil  is  less  than  the  normal  amount, 
and  while  it  is  leaving  it  it  is  greater;  and  although  the  total 
current  in  the  coil  is  the  normal  amount  yet  it  acts  on  the 
needle   at   a  different   angla     By  changing   the  direction  of 
rotation,  the  effect  is  nearly  but  not  quite  eliminated.     The 
amount  of  the  effect  is  evidently  dependent  upon  the  velocity 
of  rotation  and  increases  with  it  in  some  unknown  proportion, 
and  the  residual  effect  is  evidently  in  the  direction  of  making 
the  action  on  the  needle  too  small  and   thus  of  increasing  B. 
If  these  currents  are  the  cause  of  the  different  values  of  B 
obtained  with  positive  and  negative  rotation,  we  should  find 
that,  if  we  picked  out  those  experiments  in  which  this  difference 
was  the  greatest,  they  should  give  a  larger  value  of  R  than  the 
others.     Taking  the  mean  of  all  the  resultef  in  which  thisdif- 

*  "  Reports  on  Electrical  Standards,"  London,  187.%  p.  191. 

f  In  the  table  published  bj  the  Committee  the  different  columns  do  not  agree, 
and  I  have  thought  it  probable  that  the  last  iwo  numbers  in  the  next  to  the  Itft 
oolumn  should  read  I  0032  and  10065  instead  of  l*0o40  and  '9981,  and  in  my 
discussion  I  have  considered  them  to  read  thus. 
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ference  is  greater  than  one  per  cent,  we  find  for  the  Ohm 

l^OOSS 3 :^  and  when  it  is  less  than  one  per  cent,  '9966 

sec* 

3 r^  which  is  in  accordance  with  the  theory,  the  aver- 

sec* 

age  velocities  being  -yy^  and  -^  nearly.     But  thp  individual 

observations  have  too  great  a  probable  error  for  an   exact 

comparison. 

But  whatever  the  cause  of  the  eflTect  we  are  considering,  the 

following  method  of  correction  must  apply.     The  experiments 

show  that  B  is  a  function  of  the  velocity  of  rotation,  and  hence, 

by  Taylor's  theorem,  the  true  resistance  B^  must  be 

Bo=B{l+Aw+Bu)«+  Ac), 

and  when  B  is  the  mean  of  results  with  positive  and  negative 
rotations, 

Bo=:B(l+Bw«+I>w*+&c.). 

Supposing  that  all  the  terms  can  be  omitted  except  the  first 
two,  and  using  the  above  results  for  large  and  small  velocities, 

we  find  Ba  =  "9926 .     But  if  we  reject  the  two  results 

sec* 

in  which  the  difference  of  positive  and  negative  rotations  is 

over  seven  per  cent,  we  find 

R  _.9»34  !?i:*Ji?!^. 


•'  sea 


The  rejection  of  all  the  higher  powers  of  w  renders  the  cor- 
rection uncertain,  but  it  at  least  shows  that  the  Ohm  is  some- 
what smaller  than  it  was  meant  to  be,  which  agrees  with  my 
experiments. 

It  is  to  be  regretted  that  the  details  of  these  experiments 
have  never  been  published,  and  so  an  exact  estimate  of  their 
value  can  never  be  made.  Indeed,  we  have  no  data  for  deter- 
mining the  value  of  the  Ohm  from  the  experiments  of  1868. 
All  we  know  is  that,  in  the  final  result,  the  1864  experiments 
had  five  times  the  weight  of  those  of  18H3,  and  that  the  two 
results  differed  'IB  per  cent,  but  which  was  the  larger  is  not 
stated.  Now  the  taole  of  results  published  in  the  report  of  the 
1864  experiments  contains  many  errors,  some  of  which  we  can 
find  out  by  comparison  of  the  columns.  The  following  cor- 
rections seem  probable  in  the  eleven  experiments:  No.  4, 
second  column,  read  4'6875  for  4'6275.  No.  10,  fourth  and 
fifth  columns,  read  1-0082  and  4-0  32  in  place  of  10040  and 
+0'4^>.  No.  11,  fourth  and  fifth  columns,  read  10065  and 
+0-65  in  place  of  09981  and  -0-19.  Whether  we  make 
these  corrections  or  not  the  mean  value  is  entirely  incompatible 
with   the  statement   with   respect  to   the  1868   experimenta 
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With  the  corrections  the  mean  value  of  the  1864  experiments 

is  1  Ohm  =  1  •0007 1 -,  and  without  them,  using  the 

fourth  column,  it  is  1<X)014  With  the  corrections  the  dif- 
ference between  fast  and  slow  rotation  is  '6  per  cent 

In  the  year  1870  Professor  F.  Kohlrausch  made  a  new  deter- 
mination of  Siemen's  unit  in  absolute  measure,  the  method 
being  one  formed  out  of  a  combination  of  Weber's  two  methods 
of  the  earth  inductor  and  of  damping,  by  which  the  constant  of 
the  galvanometer  was  eliminated,  and  is  the  same  as  Weber 
used  in  his  experiments  of  1862.  His  formula  for  the  resist- 
ance of  the  circuit,  omitting  small  corrections,  is 

where  S  is  the  surface  of  the  earth  inductor,  T  is  the  hori- 
zontal intensity  of  the  earth  s  magnetism,  K  the  moment  of 
inertia  of  the  magnet,  t^  the  time  of  vibration  of  the  magnet, 
A  the  logarithmic  decrement,  and  A  and  B  are  the  arcs  in  the 
method  of  recoil. 

One  of  the  principal  criticisms  I  have  to  offer  with  respect  to 
this   method    is   the  great   number  of  quantities  difficult  to 
observe,  which  enter  the  equation  as  squares,  cubes,  or  even 
fourth  powers.     Thus  S*  depends  upon  the  fourth  j)ower  of 
the  radius  of  the  earth  inductor.     Now  this  earth  inductor 
was  wound  years  before  by  W.  Weber,  and  the  mean  radius 
determined  from  the  length  of  wire  and  controlled  by  measuring 
the  circumference  of  the  layers.     Now  the  wire  was  nearly 
8*2   mm.  diameter  with  its  coating,  and  the  outer  and  inner 
radii  were  115*  mm.  and  142  mm.     Hence  the  diameter  of  the 
wire  occupied  two  per  cent  of  the  radius  of  the  coil,  making  it 
uncertain  to  what  point  the  radius  should  be  measured.     As 
the  coil  is  wound,  each  winding  sinks  into  the  space  between 
the  two  wires  beneath,  except  at  one  spot  where  it  must  pass 
over  the  tops  of  the  lower  wires.     The  wire  must  also  be 
wound  in  a  helix.     AH  these  facts  tend  to  diminish   S  and 
make  its  value  as  deduced  from  the  length  of  the  wire  too 
large;  and  any  kinks  or  irregularities  in  the  wire  tend  in  the 
same  direction.     And  these  errors  must  be  lar^e  in  an  earth- 
inductor  of  such  dimensions,  where  the  wire  is  so  large  and 
many  layers  are  piled  on  each  other.     If  we  admit  an  error  of 
one  half  a  millimeter  in  the  radius  as  determined  in  this  way, 
it  would  diminish  the  value  of  S'    1*4  per  cent,  and  make 
Kohlrausch's  result  only  '6  per  cent  greater  than  the  result  of 
the  British  Association  Committee. 

Three  other  quantities,  T,  A  and  K,  are  very  hard  to  deter- 
mine with  accuracy,  and  yet  T  enters  as  a  squara     It  is  to 


H.  A,  Bowland — Absolute  Unit  of  Electrical  Resistance.     289 

be  noted  that  this  earth-inductor  is  the  same  as  that  used  by 
Weber  in  his  experiment  of  1862,  and  which  also  gave  a  larger 
value  to  the  Ohm  than  those  of  the  British  Association  Com- 
mittee. Indeed,  the  results  with  (his  inductor  and  by  this  method 
form  the  only  cases  where  the  absolute  resistance  of  the  Ohm  has 
been  found  greater  than  that  from  the  eocperiments  of  the  British 
Association  Committee, 

There  seems  to  be  a  small  one-sided  error  in  A  and  B  which 
Kohlrauscb  does  not  mention,  but  which  Weber,  in  his  old 
experiments  of  1851,  considered  worthy  of  a  '6  per  cent  cor- 

AB 
rection,  and  which  would  diminish  /  As4,Pa\a  ^J  ^"2  P^^  cent. 

This  is  the  error  due  to  loss  of  time  in  turning  the  earth- 
inductor.  As  Kohlrausch's  needle  had  a  longer  time  of  vibra- 
tion than  Weber's,  the  correction  will  be  much  smaller.  In 
Weber's  estimate  the  damping  was  not  taken  into  account, 
and  indeed  it  is  impossible  to  do  so  with  exactness.  To  get 
some  idea  of  the  value  of  the  correction,  however,  we  can 
assume  that  the  current  from  the  earth-inductor  is  uniform 
through  a  time  t"\  and  the  complete  solution  then  depends  on 
the  elimination  of  nine  quantities  from  ten  complicated  equa- 
tions, and  which  can  only  be  accomplished  approximately.  If 
Y  is  the  true  value  of  the  angular  velocity,  as  given  to  the 
needle  by  the  earth -inductor,  and  y  is  the  velocity  as  deduced 
from  the  ordinary  equation  for  the  method  of  recoil,  I  find 

f=.+A(4y('-'(^)')"^'">+*o.. 

where  ^  is  the  logarithmic  decrement,  e  the  base  of  the  natural 
system  of  logarithms,  T  the  time  of  vibration  of  the  needle, 
and  t  the  time  during  which  the  uniform  current  from  the 
earth-inductor  flows.  In  the  actual  case,  the  current  from  the 
earih-inductor  is  nearly  proportional  to  sin<,  and  hence  it  will 
be  more  exact  to  substitute 

in  the  place  of  t*.    The  formula  then  becomes 

This  modification  is  more  exact  when  A.  is  small  than  when  it 
is  large,  but  it  is  sufiiciently  exact  in  all  cases  to  give  some 
idea  of  the  magnitude  of  the  error  to  be  feared  from  this 
source.  Kohlrausch  does  not  state  how  long  it  took  him  to 
tarn  his  earth-inductor,  but  as  T=84  seconds,  we  shall  assume 
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— =  ^^^  and  as  A= J  nearly,  we  have 

^=10008, 

which  would  diminish  the  value  of  the  resistance  by  *16  per 
cent. 

As  the  time  we  have  allowed  for  turning  the  earth-inductor 
is  probably  greater  than  it  actually  was,  the  actual  correction 
will  be  less  than  this. 

The  correction  for  the  extra  current  induced  in  the  inductor 
and  galvanometer,  as  given  by  Maxwell's  equation,*  has  been 
shown  by  Stoletow  to  be  too  small  to  affect  the  result  appre- 
ciably. 

We  may  sum  up  our  criticism  of  this  experiment  in  a  few 
words.     'The  method  is  defective  because,  although  absolute 

resistance  has  the  dimensions  of  X — ,  yet  in  this  method  the 

time    -^ 

fourth  power  of  space  and  the  square  of  time  enter,  besides 
other  quantities  which  are  difficult  to  determine.  The  instru- 
ments are  defective,  because  the  earth-inductor  was  of  such 
poor  proportion  and  made  of  such  large  wire  that  its  average 
radius  was  difficult  to  determine,  and  was  undoubtedly  over- 
estimated. 

It  seems  probable  that  a  paper  scale,  which  expands  and 
contracts  with  the  weather,  was  used.  And  lastly,  the  results 
with  this  inductor  and  by  this  method  have  twice  given  greater 
results  than  anybody  else  has  ever  found,  and  greater  than  the 
known  values  of  the  mechanical  equivalent  of  heat  would 
indicate. 

The  latest  experiments  on  resistance  have  been  made  by 
Lorenz  of  Copenhagen,f  by  a  new  method  of  his  own,  or  rather 
by  an  application  of  an  experiment  of  Faraday's.  It  consists 
in  measuring  the  difference  of  potential  between  the  center  and 
edge  of  a  disc  in  rapid  rotation  in  a  field  of  known  magnetic 
intensity. 

A  lengthy  criticism  of  this  experiment  is  not  needed,  seeing 
that  it  was  made  more  to  illustrate  the  method  than  to  give  a 
new  value  to  the  Ohm.  The  quantity  primarily  determined 
by  the  experiment  was  the  absolute  resistance  of  mercury,  and 
the  Ohm  will  have  various  values  according  to  the  different 
values  which  we  assume  for  the  resistance  of  mercury  in  Ohm& 

One  of  the  principal  defects  of  the  experiment  is  the  lar^ 
ratio  between  the  radius  of  the  revolving  disc  and  the  coil  m 
which  it  revolved. 

*  **  Electricity  and  Magiu^tism,"  Art  762. 
f  Fogg.  Ann.,  Bd.  cxliz,  (1873),  ^  361. 
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In  conclusion  I  give  the  following  table  of  results,  reduced 
as  nearly  as  possible  'to  the  absolute  value  of  the  Ohm  in 
earth  quad.  ^ 


sec. 

Date. 

ObMrrer. 

Yalae  of  Otam. 

Bemuta. 

1849 
1861 

KirchhofP 

Weber 

-88  to  90 
•95  to  -97 

(  1-088 

(  1075 

]  10000 

(    -993 
10196 

(    -970 

(    -980 
-9912 

Approzimfttelj. 

1862 

Weber 

From  Thomson's  unit. 

1863-^ 
1870 

1873 

B.  A.  Committee. 
Kohlnmacb 

Tiorenz 

From  Weber's  yalue  of  Siemen's  unit. 

Mean  of  all  results. 

Corrected  to  a  zero  velocity  of  coil. 

Taking  ratio  of  quicksilver  unit  to  Ohm 
=  •962. 

1876 

Bowland 

Taking  ratio  of  quicksilver  unit  to  Ohm 

=  •963. 
From  a  preliminary  comparison  with  the 

B.  A.  unit 

[To  be  oontinued.] 

Abt.  XLin — On  OrolTs  Hypothesis  of  the  Origin  of  Solar  and 
Sidereal  Heat;  by  Professor  Daniel  Kirkwood. 

The  Quarterly  Journal  of  Science  for  July,  1877,  contains 
an  able  and  interesting  article  by  James  Croll,  LL.I).,  F.E.S., 
on  the  age  and  origin  of  the  sun*s  heat  The  theory  of  Dr. 
Croll  may  be  regarded  as  a  compromise  between  the  mathema- 
ticians, represented  by  Thomson,  Tait  and  Newcorab,  and  the 
geologists  of  the  uniformitarian  school,  represented  by  Play  fair, 
Lyell,  Darwin,  etc.  The  principal  points  of  this  remarkable 
paper  are : 

1.  That,  as  had  been  estimated  by  Sir  William  Thomson  and 
others,  but  twenty  million  years'  heat  could  be  produced  by 
the  falling  together  of  the  sun's  mass. 

*  Since  this  was  written,  a  new  determination  has  been  made  hy  H.  F.  Weber 
of  Zurich,  in  which  the  different  results  agree  with  great  accuracy.  The  result 
has  been  expressed  in  Siemen*s  units,  and  the  comparison  seems  to  have  been 
made  simplj  with  a  set  of  resistance  coils  and  not  with  standards.  The  modem 
Siemen's  units  seem  to  be  reasonably  exact,  but  from  the  table  published  by  the 
British  Association  Committee  in  1864,  it  seems  that  at  that  time  there  was  uncer- 
tain^ as  to  its  value.    He  obtains  I  S.  U.  =  9550  ^'^^"^^•,  which  is  greater 

sec. 

or  leas  than  the  British  Association  determination,  according  as  we  take  the  dif- 
ferent ratios  of  the  Siemens  to  the  British  Association  imit,  ranging  from  '14 
per  cent  above  to  I '92  per  cent  below.  In  any  case  the  result  agrees  reasonably 
wen  with  my  own.  The  apparatus  used  does  not  seem  to  have  been  of  the  best, 
and  the  exact  details  are  not  given.  But  wooden  coils  to  wind  the  wire  on  seem 
to  have  been  used,  which  should  immediately  condemn  the  experiment  where  a 
pair  of  coils  is  used,  seeing  that  in  that  case  the  constant,  both  of  magnetic  effect 
and  of  induction,  depend  on  the  distance  of  the  coils.  It  is  unfortunate  that  suffi- 
cient details  are  not  given  for  me  to  enter  into  a  criticism  of  the  experiment. 
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2.  That  not  less  than  five  hundred  millions  of  years  have 
been  required  for  the  stratification  of  the  earth  s  crust  at  the 
present  rate  of  subaerial  denudation  ;  and  hence  that  the  grav- 
itation theory  of  the  origin  of  the  sun's  heat  is  incompatible 
with  geological  facts. 

8.  If  we  suppose  two  solid  opaque  bodies,  each  equal  to  half 
the  sun^s  mass,  to  fall  together  in  consequence  simply  of  their 
mutual  attraction,  the  collision  would  instantly  generate  suffi- 
cient heat  to  reduce  the  entire  mass  to  a  state  of  vapor.  If,  in 
addition  to  the  motion  resulting  from  their  mutual  attraction, 
we  suppose  the  bodies  to  have  had  an  original  or  independent 
motion  towards  each  other  of  202  miles  per  second,  the  con- 
cussion would  produce  50,000,000  years*  heat:  amotion  of  678 
miles  per  second,  together  with  that  due  to  their  mutual  at- 
traction, would  generate  200,000,000  years'  heat ;  and  a  velocity 
of  1,700  miles  per  second  would  generate  an  amount  of  heat 
which  would  keep  up  the  supply  at  the  present  rate  for  800,- 
000,000  years. 

4.  The  sun  and  all  visible  stars  may  have  derived  their  beat 
from  the  collision  of  cold,  opaque  masses  thus  moving  in  space. 
The  nebulae  are  the  products  of  the  more  recent  impacts,  and 
the  stars  have  been  formed  by  the  condensation  of  ancient 
nebulae. 

5.  This  theory,  while  accepting  the  doctrine  of  the  conser- 
vation of  energy,  indicates  at  the  same  time  a  possible  supply 
of  heat  for  several  hundred  millions  of  years ;  thus  satisfying 
all  moderate  demands  for  geological  time. 

The  mathematical  correctness  of  the  theory  here  stated  will  not 
be  called  in  question.  We  shall  consider  merely  the  probabiliUi 
of  the  facts  assumed  as  its  basis.  To  the  present  writer  the 
hypothesis  seems  unsatisfactory  for  the  following  reasons : 

1.  The  existence  of  such  sidereal  bodies  as  the  theory  assumee 
is  purely  conjectural,  unless  it  be  claimed  that  lost  or  missing 
stars  have  become  non-luminous,  of  which  we  have  no  concla* 
sive  evidence. 

2.  But,  granting  their  existence,  we  have  no  instances  of 
stellar  motion  comparable  with  those  demanded  by  the  hy- 
pothesis ;  the  velocity  being  in  most  cases  less  than  50  miles, 
and  in  no  case  exceeding  200  miles  per  second. 

8.  If  the  two  masses  Dy  whose  collision  the  sun  is  supposed 
to  have  been  formed  were  very* unequal,  as  would  be  most 
probable,  the  amount  of  heat  generated  would  be  correspond- 
ingly less. 

4.  Such  collisions  as  the  theory  assumes  are  wholly  hypo- 
thetical. It  is  infinitely  improbable  that  two  cosmical  bodi^ 
should  move  in  the  same  straight  line  ;  and  of  two  moving  in 
different  lines,  it  is  improbable  that  either  should  impinge 


D.  Kirktvood— Solar  and  Sidereal  Beat.  298 

agaiDSt  the  other.  Comets  pass  round  the  sun  without  collision 
against  it. 

5.  Bat  granting  these  difficulties  removed,  let  us  suppose 
that  about  800,000,000  years  ago  two  cold,  opaque  bodies,  each 
containing  one-half  the  matter  of  the  solar  system,  were  ap- 
proaching one  another  in  the  same  straight  line,  each  at  the 
rate  of  1,700  miles  per  second  ;*  that  on  meeting,  their  motion 
was  transformed  into  heat ;  and  that  their  unit^  mass  was  at 
once  reduced  to  vapor:  the  great  question  yet  remains — How 
much  of  the  period  represented  bv  these  800,000,000  years'  heat 
can  be  claimed  as  geological  time  r  The  nebula  formed  by  the 
collision  would  extend  far  beyond  the  present  orbit  of  Nep- 
tune. The  amount  of  heat  radiated  in  a  given  time  fmm  so 
vast  a  sur&ce  would  doubtless  be  much  greater  than  that  now 
emitted  in  an  equal  period.  No  considerable  contraction  could 
occur  until  a  large  proportion  of  the  heat  produced  by  the 
impact  had  been  dissipated  in  space.  It  has  been  shown  by 
Trowbridgef  that  with  a  temperature  at  the  sun's  surface  of 
twice  its  present  intensity  the  solar  atmosphere  would  be 
expanded  oeyond  the  earth's  orbit  The  conclusion  seems 
inevitable  that  much  the  greater  part  of  the  800,000,000  years' 
heat  must  have  been  radiated  into  space  before  the  planets  were 
separated  from  the  solar  mass,  and  consequently,  that  the 
amount  of  geolo^cal  time  cannot,  to  any  great  extent,  have 
exceeded  the  limits  indicated  by  the  researches  of  Sir  William 
Thomson. 

Upon  the  whole,  it  seems  more  difficult  to  grant  the  demands 
of  Dr.  CroU's  hypothesis  than  to  believe  that  in  former  ages  the 
stratification  of  the  earth's  crust  proceeded  more  rapidly  than 
at  present  The  former,  as  we  have  seen,  has  no  sufficient 
basis  in  the  facts  of  observation.  On  the  other  hand,  if  our 
planet  has  cooled  down  from  a  state  of  igneous  fluidity,  the 
great  heat  of  former  times  must  doubtless  have  intensified  both 
aqueous  and  atmospheric  agencies  in  producing  modifications 
of  the  earth's  extenor. 

BloomlDgtOD,  Indiaoa^  March,  1878. 

•  TUs  is  the  greatest  Telocity  mentioDed  by  Dr.  CroU.  An  increaaed  rate  of 
motum  would,  A  course,  prodace  more  heat,  but  the  hypothesis  would  be  open  to 
the  same  objections. 

fProa  Am.  PhiL  Soa,  toL  xvi,  pp.  329-333  and  National  Qoarterly  Beyiew, 
lUrdi,  1877,  p.  292. 

AX.  Jour.  Set.— Thikp  Sbbibs,  Vol.  XV,  No.  88.— Aprii^  1878. 
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Art.  XLrV. — On  the  chemical  composition  of  Ouanajuatite^  or  Sd- 
enide  of  Bismuth^  from  OuanajxAoLo^  Mexico;  hj  3.  W.  Mallet, 
University  of  Virginia. 

This  mineral  seems  to  have  been  first  noticed  by  SeSor  Cas- 
tillo in  March,  1878,  and  was  by  him  partially  described*  as 
a  sulpho-selenide  of  bismuth. 

In  the  Guanajuato  journal  **La  Republica"  for  July  18,- 
1878,  Fernandez  t  oublished  a  full  description,  giving  to  the 
mineral  the  name  Uuanajuatite,  and  stating  that  it  is  solely  a 
selenide  of  bismuth,  a  small  amount  of  sulphur  found  being 
attributed  to  admixture  with  a  little  pyrite.  In  the  same  year 
or  1874  Bammelsbergt  obtained  as  the  result  of  a  partial  exam- 
ination on  a  very  small  quantity, 

Selenium 16*7 

Bismuth 66*4 


82-1 

and  suggested  the  presence  of  zina     The  mineral  was  more 
fully  examined  by  Frenzel,§  whose  analysis  yielded, 

Selenium 24*13 

Sulphur 6*60 

Bismuth 67*38 


98*11 


whence  the  formula  has  been  deduced — 2Bi,Se, .  Bi,S,. 

In  the  2d  Appendix  to  the  6th  edition  of  Dana's  Mineral- 
ogy I  the  name  Frenzelite  was  proposed  for  the  species,  bat 
this  has  subsequently  been  retracted  ^  in  favor  of  the  prior 
claim  of  the  name  Guanajuatite  given  by  Fernandez. 

The  above  are  up  to  this  time,  I  believe,  the  only  published 
notices  of  the  mineral  in  question.  They  leave  two  doubts  in 
regard  to  it3  composition,  namely,  whetner  sulphur  is  really  a 
constituent  or  only  found  from  accidental  admixture,  and 
whether  zinc  is  present  or  not 

At  the  Philadelphia  Exhibition  of  1876,  my  friend  Seflor 
Mariano  Barcena,  of  the  Mexican  Commission,  was  kind  enough 
to  give  me  authentic  specimens  of  this  mineral,  partly  in  the 
original  condition  as  found,  and  partly  reduced  to  powder.  I 
have  availed  myself  of  the  opportunity  thus  afforded  of  at- 

*Naturale2a,  ii,  174  (1873);  Jahrb.  Min.  (1874X  226. 
Quoted  Ui  this  Journal,  April,  1877,  p.  319. 
2d  App.  to  6th  ed.  Dana's  Mineralogj  (March,  1876),  p.  22. 
Jahrb.  Min.  (1874),  679. 
Loa  dt  Y  This  Journal,  lea  di. 
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tempting  to  settle  the  above  questions  by  careful  repetition  of 
the  chemical  analysis.  The  already  pulverized  specimen  was 
chiefly  used,  but  was  supplemented  oy  a  portion  of  the  other 
— neither  was  altogether  free  from  the  nydrous  silicate  of 
aluminum  which  constitutes  the  ^angue. 

The  method  employed  was  the  following.  Water  having 
been  driven  off  by  careful  heating  in  a  slow  stream  of  carbon 
dioxide  gas,  collected  and  weighed,  the  mineral  was  mixed 
with  ten  times  its  weight  of  potassium  cyanide  and  fused  in  an 
atmosphere  of  hydrogen.  The  mass  on  cooling  was  treated 
with  water,  and  the  solution  filtered  ;  the  residue  on  the  filter 
dried  and  again  fused  with  the  cyanide  to  ensure  complete  de- 
composition, repeating  the  treatment  with  water  and  filtration. 
From  the  mixed  filtrates  selenium  was  thrown  down  b^  addi- 
tion of  hydrochloric  acid  in  excess,  filtered  after  thirty-six 
hours  on  a  weighed  filter,  cautiously  dried  and  weighed ;  it 
was  then  burned,  and  a  minute  amount  of  silica  left  behind 
was  determined.  The  solution  from  which  the  selenium  had 
been  precipitated  was  treated  with  potassium  per-manganate  as 
long  as  decolorization  took  place,  and  barium  chloride  then 
added  ;  from  the  weight  of  barium  sulphate  thrown  down  sul- 
phur was  determined.  The  remaining  solution  was  then  evap- 
orated to  dryness  at  100^  C,  the  residue  moistened  with 
hydrochloric  acid  and  treated  with  boiling  water,  leaving  a 
further  trace  of  silica ;  manganese  (from  the  per-manganate 
used)  and  aluminum  were  now  precipitated  by  ammonium  sul- 
phide, and  separated  by  barium  carbonate,  the  alumina  being 
determined.  The  original  residue  of  bismuth,  left  on  the  filter 
when  the  selenio-cyanate  of  potassium  was  filtered  off,  was  dis- 
solved in  nitric  acid,  evaporated  to  dryness  to  separate  a 
further  portion  of  silica,  redissolved,  the  bismuth  thrown  down 
by  hydrosulphuric  acid,  filtered  off,  and  a  further  portion  of 
afamina  (with  a  trace  of  ferric  oxide)  recovered  from  the  fil- 
trata  Lastly,  the  bismuth  sulphide  was  carefully  reduced  by 
fusion  with  potassium  cyanide,  and  weighed  as  metal. 

The  results  were, 

Selenium 81*64 

Sulphur '61 

Bismuth 69-92 

Alumina 2*63 

Ferric  oicide - trace 

Silica 8-47 

Water 1-46 


mt^m 


99*63 


Zinc  was  specially  looked  for,  both  in  the  general  analysis  and 
using  a  separate  portion  for  this  purpose  alone,  but  none  could 
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be  found.  Possibly,  as  Bammelsberff  had  but  a  very  small 
quantity  of  material  on  which  to  work,  he  may  have  been  led 
to  suspect  the  presence  of  zinc  by  a  precipitate  of  aluminum 
hydrate  derived  from  ^angue. 

No  evidence,  physical  or  chemical,  could  be  found  of  the 
presence  of  pyrite ;  the  trace  (unweighable)  of  iron  appears  to 
belong  to  the  K&'^gue. 

It  is  stated  that  this  ^angue  is  galapectite  (Halloysite) ;  if  the 
amount  of  such  mineral  present  be  calculated  from  the  alumina 
the  above  figures  represent  the  specimen  as  composed  of — 

Ooanajuatite '. 92*17 

no«««^  i  Halloysite 6-72 

^*°«"^  i  Quartz -66 

Moisture -18 

90*63 

and  the  Guanajuatite  in  the  pure  state  would  consist  of 

Selenium 34*88 

Sulphur '66 

Bismuth 66*01 


100*00 
Hence  we  have  the  atomic  ratio, 

Bi:Se:  8  =  310:432:  21, 

or,  uniting  the  sulphur  with  selenium, 

Bi :  Se=  810 :  458  =  2000 :  2922, 

a  close  approximation  to  2 :  S,  justifying  of  course  the  formula 
Bi.Se,. 

The  (][uantity  of  sulphur  present  is  too  small  to  warrant  the 
assumption  that  it  bears  a  simple  atomic  proportion  to  the 
selenium,  but  the  former  element  certainly  is  present,  and  not 
ap  pyrite.  One  can  scarcely  suppose  that  in  Frenzel's  analysis 
nearly  six  per  cent  of  iron  was  overlooked,  as  it  must  have 
been  if  pyrite  were  the  cause  (as  suggested  by  Fernandez)  of 
the  occurrence  of  the  sulphur  found. 

It  seems  clear  that  the  mineral  in  question  must  be  viewed 
us  sesqui-selenide  of  bismuth,  with  isomorphous  replacement 
to  a  variable  extent  of  selenium  by  sulphur. 

It  is  also  mentioned  (this  Journal,  April,  1867)  that  Fernan- 
dez has  described  a  second  selenide  of  oismuth  from  the  same 
locality,  and  has  derived  from  his  analyses  of  more  or  less  pure 
specimens  the  formula  Bi  ,Se.  This  formula  is  very  improbable, 
since  it  involves  the  presence  of  an  odd  number  of  perissad 
atoms.  Perhaps  there  may  have  been  an  admixture  of  native 
(metallic)  bismuth. 
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Art.  XLV. — On  the  Janssen  Solar  Photograph  and  Optical 

Studies;  by  S.  P.  Langley. 

Mr.  Jansskn,  in  papers  lately  presented  to  the  French  Insti- 
tute* has  given  an  account  of  recent  results  in  solar-photo- 
graphy, obtained  by  him  at  the  observatory  of  Meudon,  and 
from  the  comments  of  Messrs.  Huggins,  Lockyer,  De  la  Rue 
and  other  competent  judges,  it  has  been  understood  that 
remarkable  advances  have  been  made  over  any  before  pro- 
duced. A  copv  has  been  published  in  the  Annuaire  da 
Bureau  des  Longitudes,  but  details  cannot  well  be  studied  from 
such  a  print,  on  paper,  and  details  are  here  all-important  As 
the  writer  has  received,  through  the  courtesy  of  M.  Janssen,  a 
fine  positive  on  glass ;  the  only  one  he  knows  of,  as  having 
yet  reached  this  country,  and  as  it  not  only  bears  important 
testimony  to  facts  which  have  rested  hitherto  in  part  on  state- 
ments in  previous  numbers  of  this  Journal,  but  is  in  every 
way  so  remarkable  as  to  constitute  an  important  step  in  the 
history  of  solar  physics,  an  account  will  be  given  of  it  here. 

The  means  used  by  M.  Janssen  for  producing  the  photograph 
are  understood  to  be  a  telescope  of  about  five  or  six  inches 
aperture,  and  twelve  feet  focal  length,  embodying  the  improve- 
ments introduced  by  Mr.  Rutherfiird,  and  others  of  M.  Janssen's 
own,  the  most  important  change  being  a  shortening  the  time  of 
exposure  to  ^^\j  of  a  second,  and  at  the  same  time  an  enlarge- 
ment of  the  image.  This  involves  a  modification  of  the  time  of 
development,  etc.,  and  has  evidently  cost  study  and  labor,  the 
arduousness  of  which  may  be  inferred  from  the  perfection  of 
the  result 

As  the  photograph  can  only  be  made  generally  intelligible 
by  some  sort  of  illustration,  the  reader  is  referred  to  two  papers 
in  this  Journal,  the  first  in  the  number  for  February,  1874^ 
where  an  article  on  the  minute  structure  of  the  photosphere 
is  illustrated  by  an  Albertype  plate,  the  second  in  March,  1876# 
accompanied  by  a  steel  engraving.  The  reader  must  also  be 
detained  briefly  over  a  question  of  nomenclature  which  possi- 
bly has  caused  a  misapprehension  on  Mr.  Janssen's  part,  for 
the  first  paper  undertook  among  other  things,  to  speci6cally 
show  that  the  elements  of  the  photosphere  were  not  "  willow- 
leaf-"  or  "rice-grain-"  like  forms  as  had  been  commonly  sup- 
posed. The  term  '*  rice-grain,"  it  was  carefully  explained,  was 
mcorrect,  and  as  an  illustration  imperfect  I'he  name  *'  rice- 
grain,"  for  want  of  a  generally  accepted  word,  was  used  in  the  arti- 
cle, but  under  protest ;  especially  as  I  had  myself  resolved  these 
into  minuter  components,  and  carefully  drawn  specific  instances 

*  Comptes  B6ndu8,  Oct  29th  and  Deo.  SLst,  IB11. 
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of  the  foliate  form  and  subdivision,  specially  calling  attention 
to  them  in  the  plate,  where  they  are  found  in  two  squares  sur- 
rounded by  a  heavy  outline.  It  is  necessary  to  insist  on  the  &ct 
that  purely  optical  methods  had  informed  us  of  the  nature  of 
the  constituents  of  the  surface  with  a  minuteness  which  photo- 
graphy has  not  even  now  attained.  It  was  also  stated  in  the 
first  of  these  articles  that  the  estimated  mean  distances  between 
the  centers  of  these  composite  objects  ranged  from  2"'o7  to  1"'42 
according  to  the  degree  of  disintegration  introduced  by  magnify- 
ing power,  and  the  very  important  conclusion  was  reached  that 
the  light  of  the  sun  comes  to  us  chiefly  from  an  extremely  small 
part  of  its  surface — an  indefinitely  small  part,  but  which  is  at 
any  rate  less  than  oM-fiflh  of  the  whole.  M.  Janssen^s  impression 
that  the  true  form  and  relative  area  of  these  has  first  been  shown 
by  the  photograph  is  a  misapprehension,  though  arising  most 
naturally  in  part  from  the  vicious  nomenclature  of  the  subject 

Until  lately,  photography  has  been  useful,  chiefly  in  fixing 
the  positions  ana  sizes  of  spots  on  the  sun,  rather  than  in  studies 
of  detail,  which  have  hitherto  been  carried  on  with  success  only 
by  the  eye.  The  remarkable  photograph  before  us  begins  a 
new  order  of  things,  for,  though  as  we  have  said  it  does  not 
reach  absolutely  all  that  the  eye  has  yet  caught,  yet  only  those 
who  have  watcned  the  sun  with  powerful  instruments  for  years, 
can  have  enjoyed  (and  that  rarelyj'the  opportunity  of  seeing  more 
than  is  here  fixed  for  leisure  study.  It  need  hardly  be  said 
how  immense  is  the  gain  of  this  opportunity  for  all  to  examine 
and  verify  deliberately ;  and  it  should  be  stated  further  that  the 
photograph  not  only  confirms  previous  results  which  have 
rested  on  the  testimony  of  one  or  two  individuals,  but  adds  at 
.least  one  important  one  of  its  own. 

The  plate  before  us  is,  as  has  been  said,  a  positive,  the  solar 
image  being  808"*",  or  nearly  twelve  inches  in  diameter.  The 
image  viewed  at  a  distance,  shows  the  usual  darkening  toward 
the  edge,  though  not  quite  uniformly  all  round,  a  circumstance 

f)robabTy  not  in  the  present  case  significant  of  any  solar  irregu- 
arity.  Upon  a  closer  view  we  see  the  coarse  vague  macula* 
tions  or  marblings*  (formed  as  it  seems  to  me  by  waves  in  the 
solar  atmosphere,  causing  regions  of  greater  thickness  and 
conseouently  greater  absorption  by  the  heaping  of  the  "rice 
grains  f  and  in  some  degree  by  their  unequal  distribution). 

On  a  close  approach  we  see  the  granular  structure  of  the  pho- 
tosphere as  it  has  never  before  been  rendered  in  photograpny. 

To  give  an  idea  of  the  precision  of  the  photograph  without 
the  plate  is  hardly  possible,  but  as  the  individual   "grains" 

*  This  is  seen  in  the  Albertype  on  removing  it  five  or  six  yards  from  the  sje 
where  details  are  lost.  The  vagueness  of  the  aggregations  is  in  the  original 
(i.  e.  in  the  sun  itself.) 

f  Indicated  all  over  the  Albertjpe  plates,  and  shown  in  speoiftc  details  in  the 
two  designated  squares. 
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may  be  here  coanted,  I  have  placed  od  the  positive  a  Bogers* 
reticule,  consisting  of  very  small  squares,  engine*dividea  on 
glass,  which  had  been  actually  used  on  the  sun  for  a  similar 
purpose;  and  with  its  aid  counted  the  '* grains"  in  different 
parts  of  the  plate  not  far  from  the  center  of  the  image,  and 
taking  the  average  I  find  a  mean  of  about  6200  '*  grains"  to 
the  sanare  inch,  whence  it  appears,  that  at  this  rate,  the  plate 
actually  exhibits  within  its  circumference  over  half  a  million 
of  these  objects.  From  this  measurement  and  the  solar  angular 
semi-diameter,  it  also  appears  that  their  mean  distance  in 
centers  is  2^^'2  which  is  in  close  agreement  with  optical  deter- 
minations made  with  corresponding  powers.  As  these  objects 
are  rather  complex  than  simple,  I  venture  the  opinion  that 
should  M.  Janssen  succeed  in  future  in  enlarging  his  photo- 
graph while  retaining  his  present  wonderful  definition,  that 
their  mean  distance  will  tena  to  appear  still  less. 

We  are  now  brought  to  what  is  perhaps  the  most  remarkable 
feature  of  the  plate,  for  a  continued  examination  shows  what 
undoubtedly  has  not  been  established  by  optical  studies,  that 
there  are  extensive  regions  where  the  '* grains"  are  distinctly 
seen,  and  others  adjacent  where  they  are  confused  and  blurred  as 
if  by  bad  definition.  There  are  numerous  alternations  of  these 
areas  of  disturbance;  which  are  themselves  of  varying  sizes ; 
perhaps  it  would  be  more  correct  to  say  that  the  general  surface 
presents  this  blurry  character,  with  small  r^ions  where  the  defi- 
nition is  as  sharp  and  clear  as  we  have  described  it  Now, — a 
question  evidently  to  be  asked, — is  this  bad  definition  something 
in  the  solar  atmosphere  or  our  own  ?  Does  it  mean  a  tremen- 
dous disturbance  over  hundreds  of  millions  of  square  leagues, 
or  a  quivering  of  the  air  a  few  yards  from  the  camera? 

First  we  may  ask,  how  far  has  there  been  any  anticipation  of 
such  local  disturbance  on  the  sun,  away  from  the  spots  and 
away  from  the  faculsd  as  seen  on  the  edge  ?  I  believe  there 
has  been,  from  telescopic  study,  a  somewhat  uncertain  recog- 
nition that  the  photospheric  structure  differed  at  different  times, 
but  nothing  like  the  variations  shown  here  was  anticipated. 
Doubtless  tnese  alternations  of  structure  in  adjacent  regions, 
if  once  recognized,  would  be  visible  to  the  telescope,  if  sought, 
and  it  has,  in  iac%  often  been  asserted  that  the  aspect  of  the 
granulations  varied  at  different  times  from  solar  causes;  but  with 
the  telescope  we  lack  the  facility  for  deliberate  comparison  of 
one  part  of  the  disc  with  another,  we  obtain  here,  since  owing 
to  the  undulations  which  we  do  know  without  doubt,  are  in  our 
own  atmosphere,  our  best  vision  is  but  momentary,  and  before 
we  can  turn  from  one  part  of  the  sun  to  compare  it  with  another 
the  opportunity  is  gone.  The  photograph,  obtained  as  it  is,  in 
less  than  a  thousandth  of  a  second,  may  be  taken  many  times 
in  succession,  and  reproduce  more  or  less  indefinite  images,  yet 
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the  thousandth  exposure  may  fall  in  the  brief  instant  of  defi- 
nition the  observer  patiently  watches  for,  and  then  the  results 
of  this  rare  moment  are  made  permanent  by  the  camera. 

Curiously  enough,  thene  disturbances  of  the  solar  atmo- 
sphere have  been  more  distinctly /J»/^  by  the  thermopile,  per- 
haps, than  seen  by  the  telescope.  In  1874,  after  summing  the 
results  of  thermal  measurements,  carried  on  at  All^heny  to 
determine  the  heat  of  different  parts  of  the  surface,  and  after 
eliminating  the  effects  of  increasing  absorption  toward  the 
limb,  of  spots,  etc,  there  remained  irregularities  of  a  small 
order  which  showed  either  a  hitherto  unrecognized  solar  phe- 
nomenon, or  (what  might  conceivably  be  the  case)  some  unde- 
tected causes  of  minute  instrumental  error.  The  difficulty  of 
determining  which  was  great,  for  it  w&s  a  characteristic  of  these 
minute  fluctuations,  that  they  were  neither  both  fixed  in  peti- 
tion or  magnitude,  but  incessantly,  changed  place  and  degree. 
Only  after  a  year's  further  study,  I  felt  confident  that  I  had  so 
far  eliminated  the  smaller  instrumental  errors,  that  I  was  in 
presence  of  residual  phenomena,  which,  however  minute,  were 
real ;  and  which  corresponded  to  continual  fluctuations  in  the 
depth  of  the  solar  atmosphere  all  over  the  surface,  in  the 
nature  of  local  disturbances  caused  by  its  currents,  and  I  felt 
justified  in  announcing  the  existence  of  these — 'which  I  had 
never  seen — in  positive  terms.* 

Nothing  could  be  more  unexpected  than  the  confirmation  of 
these  statements  which  the  photograph  offers,  but  it  would 
be  most  unjust  to  M.  Janssen  s  eminently  original  and  valuable 
work,  not  to  state  that  such  anticipations,  however  positive, 
are  obscure  compared  with  the  light  thrown  on  this  part  of  the 
subject  by  his  methods.  We  say  this,  under  the  reserves 
already  hinted,  as  to  the  difficulty  of  distinguishing  by  a 
single  plate,  the  exact  limits  between  the  effects  of  solar  and 
telluric  disturbance  ;  but  so  much  at  least  appears  to  be  solar, 
that  we  have  here  something  very  like  evidence  of  great 
waves,  in  the  solar  atmosphere,  obscuring  the  photospheric  struc- 
ture, and  not  only  obscuring  but  changing  it;  for  the  curreots 
appear  to  have  altered  the  shapes  of  the  grains,  and  their  dispo- 
sition. M.  Janssen  seems  to  consider  the  ultimate  form  of  these 
grains  as  literal  spheres,  but  it  appears  to  me  that  bis  own  ad* 
mirable  photocraph  bears  other  evidence.  The  components  of 
these  '*  grains  when  undisturbed  do  indeed  tend  to  dome-like 
forms,  but  these  have  always  appeared  to  me  to  be  but  the  ex- 
tremities of  filaments;  extremities  which  aggregated,  cause  the 
"grains,"  and  which  lifted  higher  than  their  fellows  cause  the 
faculse ;  the  filaments  themselves,  being  seen  a  little,  here  and 
there  on  the  surface  where  bent  over,  and  seen  at  all  their 
length  in  the  spots.     In  other  words,  we  may  compare  the  pho- 

*  Comptes  Bendufl,  Sept  6,  1875,  p.  43S. 
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tosphere  to  a  field  of  grain  in  which  from  a  bird's-eye  view,  we 
see,  in  a  calm,  onlj  the  rounded  summits  of  the  wheat  Let  a 
wind  blow  fitfully  over  the  surface,  bending  the  crests  here  and 
there  and  showing  more  of  the  form  of  the  straws.  This  is,  it 
seems  to  me,  the  suggested  explanation  of  the  elongated  form  of 
the  ^^ grains"  shown  in  such  an  interesting  manner  in  M.  Jans- 
sen's  photograph  where  the  action  of  solar  currents  is  indicated 
and  accompanied  with  partial  obscuration.  Let  a  whirlwind  beat 
down  the  grain,  showing  the  stalks  lying  every  way  exposed 
throughout  their  length — ^these  are  the  filaments  in  a  spot 

Of  course  the  simile  is  imperfect  and  is  not  to  be  carried 
further.  I  can  only  venture  conjecture  as  to  what  these  "  grains" 
really  are,  but  I  have  always  believed  and  still  believe  that 
they  are  not  mere  globular  or  bubble-like  forms,  but  are  asso- 
ciated  with  something  beneath  the  surface  most  probably  con- 
nected with  ascending  and  descending  gaseous  currents,  which 
in  some  wav  bring  to  that  surface  the  heat  from  the  interior, 
and  carry  back  to  it  the  gases  which  have  been  cooled  by 
radiation,  perhaps  even  to  the  point  where  precipitation  occurs. 

As  to  the  question  of  the  real  solar  origin  of  certain  of  the 
less  definite  forms  on  the  plate  we  may  say  then,  that  it  is  known 
that  certain  peculiarities  in  our  own  atmosphere  tend  to  impress 
Uiemselves  on  the  photographic  plate,  along  with  the  solar  phe- 
Domena,  and  it  would  be  doubtless  desirable,  if  possible,  that 
two  such  photographs  as  we  have  here  should  be  taken  at 
intervals  or  five  or  ten  minutes  apart  to  eliminate  this.  It  has 
been  frequently  asked  why  this  is  not  done.  But  those  who 
ask  such  a  question  are  not  familiar  with  the  rarity  of  the 
instants  in  which  such  photographs  can  be  taken  Two  in- 
deed can  be  taken  at  any  interval,  but  those  like  the  one 
before  us,  demand  not  only  the  finest  mechanical  and  chem- 
ical methods  and  still  more  the  highest  skill,  but  atmospheric 
conditions  so  brief  as  to  rarely  or  never  last  during  even  the 
short  time  mentioned. 

Finally,  then,  though  without  two  photographs  of  equal  ex- 
cellence taken  within  a  few  minutes  oi  each  otner,  it  is  perhaps 
impracticable  to  say  exactly  how  much  of  the  inequality  of  the 
plate  is  solar,  it  seems  possible  to  state  from  the  intrinsic  evi- 
dence of  the  plate  itself,  that  on  the  main  features  of  its  most 
interesting  evidence  as  to  the  action  of  solar  storms  we  may  rely, 
and  in  this  statement  the  writer,  distrustful  of  his  own  knowledge 
of  photographic  processes,  has  sought  the  opinion  of  the  most 
competent  judge  in  these  matters  before  expressing  his  own. 

Our  conclusion  is,  that  M.  Janssen  has  accomplished  a  remark- 
able, indeed,  a  wonderful,  advance  in  solar  photography,  and 
that  his  success  is  not  only  a  brilliant,  but  a  useful  one,  tor  which 
he  should  have  the  thanks  of  every  student  of  solar  physics. 

AU^I^ieiij,  Penn.,  March  14,  1878. 
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Art.  XLVI. — On  the  occurrence  of  a  Tree-like  fossil  plants  Olyp- 
todendroTLf  in  the  Upper  Silurian  {Clinton)  Rocks  of  Ohio;  by 
Professor  R  W.  Clatpolk,  B.A.,  B.Sc.  (London),  of  Anti- 
och  College,  Yellow  Springs,  Ohio. 

In  the  month  of  July,  1877,  while  on  a  geological  excursion 
in  company  with  one  of  my  students,  Mr.  Leven  Siler,  in  the 
vicinity  of  Eaton,  in  Preble  County,  Ohio,  the  latter  picked  up 
and  handed  me  a  slab  bearing  the  impression  of  a  vegetable 
stem,  which  proved,  on  closer  examination,  to  be  that  of  a 
plant  allied  to  Lepidodendron.  As  the  beds  in  which  we  were 
working  at  the  time  lie  at  the  very  base  of  the  "Clinton"  of 
the  Ohio  Survey,  and  within  a  few  feet  of  the  break  which 
marks  the  summit  of  the  Cincinnati  group  of  the  Lower  Silu- 
rian, the  specimen  immediately  assumed  unusual  interest  and 
importance;  uo  indisputable  traces  of  land-plants  having  then 
come  to  light  from  so  low  an  horizon  in  America,  and  no  re- 
mains of  arborescent  vegetation  being  known  with  certainty  from 
strata  of  so  old  a  date  in  the  New  or  Old  World. 

The  slab  containing  the  impression  was  not  taken  out  of  the 
solid  rock,  but  lay  loose  on  the  bank  of  Clinton  limestone 
This  fact  will  naturally  raise  some  question  concerning  it^  age 
in  the  mind  of  every  geologist     Fortunately,  however,  we  are 
not  in  this  instance  dependent  upon  such  evidence.     To  any 
one  practically  familiar  with  the  Clinton  rocks  as  they  crop  out 
around  the  Cincinnati  uplift  no  doubt  can  arise.     The  stone  is 
a  piece  of  yellow,  rough,  encrinital   limestone,  considerably 
weathered,  with  the  characteristic  appearance  of  the  Clinton  at 
Eaton  and  here.     Moreover,  by  the  side  of  the  impression  there 
lies  embedded  one  of  our  commonest  corals  (Polyzoa?)  closely 
resembling  Chceteles  lycoperdon  (Hall)  of  the   Clinton  in  New 
York,  figured  in  the  second  volume  of  the  New  York  Survey. 
Lastly,  from  the  back  of  the  slab  I  chipped  out  a  small  speci- 
men  of  an   Ilkenus;    either   lUcenus    JDaytonensis  (Hall   and 
Whitfield,  Ohio  Pal.,  vol.  ii,  1875),  or  lllcenus  Barriensis  (Murcb. 
and  Hall,  1862)  (i.  g.  lllcenus  loxus  of  Hall,  1847),  the  mould 
of  which  still  remains  in  the  slab.     Its  Silurian  age  is  there- 
fore placed  beyond  a  doubt,  no  species  of  Illsenus  being  known 
in  America  above  the  Niagara  group. 

In  describing  and  naming  it^  my  first  thought  was  to  place  it 
in  the  genus  Lepidodendron,  as  a  provisional  arrangement  pend- 
ing the  discovery  of  more  perfect  specimens.  But  further 
study  of  the  fossil  and  its  nearest  allies  among  the  Sigillarids 
and  Lepidodendrids  has  induced  me  to  place  it  by  itself  in  a 
new  genus,  which  seems  to  form  a  connecting  link  between  some 
other  paleozoic  genera.     I  append  the  following  description : — 
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Glyptodendbon.  Tree  -  like ;  stem  cylindrical ;  surface 
marked  with  two  parallel  sets  of  ridges  running  spirally  up  the 
stem  in  opposite  directions,  crossing  each  other  and  thus  forming 
rhomboiaal  areoles.  Lower  portion  of  areole  depressed  and  prob- 
ably representing  or  containing  a  leaf-scar.  Depressed  portion 
of  areole  (leaf-scar?)  symmetrical  (i.  a  alike  on  the  rignt  and 
left  sides.)  Vascular  scars,  leaves,  fruit,  etc.,  unknown.  The 
name  is  from  the  Greek  yXixpco^  I  engrave,  and  alludes  to  the 
depressed  areoles. 

Olyptodendron  Eatonense.  Stem  thick  and  trunk-like;  the 
specimen  from  which  this  description  was  made  measured  when 
complete  about  six  inches  in  diameter.  Surface  divided  into 
rhomboidal  areoles  by  two  sets  of  narrow  ridges  parallel  and 
equidistant,  running  spirally  up  the  stem  in  opposite  directions. 
Tliese  ridges  cross  eacn  other  nearly  at  ri^ht  anglea  The  are- 
oles thus  formed  measure  about  seven-sixteenths  of  an  inch 
along  each  diagonal.  Lower  portion  of  areole  deeply  and 
evenly  depressed  and  probably  representing  a  sunken  leaf-scar. 
Upper  border  of  depressed  portion  rounded  in  outline  and  ele- 
vated, equalling  in  height  the  spiral  ridges.  No  trace  of  the 
vascular  scars  can  be  seen  in  consequence  of  the  roughness  of 
the  stone  and  the  weathering  it  has  undergone.  Found  near 
Eaton,  Preble  Co.,  Ohio. 

Being  anxious  to  have  the  opinion  of  some  naturalist  more 
experienced  than  myself  in  the  subject  of  the  Pre-carboniferous 
flora,  I  sent  a  drawing  of  the  fossil  to  Dr.  J.  W.  Dawson  of  Mon- 
treal, one  of  the  best  authorities  on  the  subject  on  this  continent. 
In  his  reply  of  Oct  22,  1877,  he  expressed  his  convittion  of 
the  importance  of  the  discovery,  and,  from  an  inspection  of  the 
drawing,  suggested  its  resemblance  to  L,  tetragonum  St.  or 
Bergeria  of  the  Lower  Carboniferous,  and  also  to  Diphslegium. 
He  asked  the  full  extent  of  the  evidence  of  its  age,  and  ex- 
pressed a  wish  to  see  a  cast  before  forming  any  opinion  upon  it 
This  was  sent  some  time  afterward,  and  in  reply,  Dr.  Dawson 
has  favored  me  with  some  notes  upon  it  and  with  permission  to 
use  them  hera  He  says,  **The  marks  on  your  specimen,  at 
first  sight,  resemble  those  of  the  Ijepidodendra  of  the  type  of  the 
L.  ietragottxim  Sternb.  (Bergeria  of  some  authors),  a  veiy  widely 
diffused  type  of  Lower  Carboniferous  age,  found  about  that  hor- 
izon in  Europe,  America  and  Australia.  They  may,  however, 
have  belonged  to  a  plant  of  the  genus  Ulodendron  or  Lepidophlo- 
eu$^  and  since  the  vascular  scars  are  not  preserved,  it  is  impos- 
sible to  decide  this  question.  It  is  further  to  be  observed,  that 
the  areoles  appear  to  be  deeply  depressed,  being  in  this  respect 
the  reverse  of  the  leaf-bases  of  Lepidodeyidron,  It  may  possibly 
have  belonged  to  a  plant  of  the  nature  of  a  Tree-fern,  or  of  a 
Sigillaria  allied  to  S.  Menardi,  rather  than  to  a  true  Lepidoden- 
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dron^  ''In  speaking  of  the  areoles,  I  take  it  for  granted  that 
the  curvature  of  the  east  represents  that  of  the  stem."  "  The 
specimen  may,  however,  have  been  a  bit  of  bark  pressed  oat 
of  shape." 

My  own  opinion,  after  a  careful  examination  of  the  original, 
is  that  the  curvature  of  the  cast  does  represent  that  of  the  stem, 
and  consequently  that  Dr.  Dawson's  remarks  on  its  resemblances 
are  well  founded.  The  bark  of  Lepidodmdra^  etc,  when  pressed 
as  usually  occurs  in  the  Coal-measures,  is  constantly  flattened. 
In  a  subsequent  communication,  Dr.  Dawson  alludes  to  the 
possibility  suggested  above,  that  the  fossil  mav  exhibit  a  com- 
posite character  partaking  of  the  character  of  more  than  one 
existing  genus.  The  wide  diffusion  of  the  type  which  it  most 
resembles  in  the  Lower  Carboniferous  is  good  reason  for  be- 
lieving that  it  is  very  ancient,  and  therefore  its  occurrence  so  low 
as  the  Clinton  limestone  is  the  less  surprising. 

In  conclusion,  I  gladly  express  my  indebtedness  to  Dr.  J.  W. 
Dawson,  of  Montreal,  for  valuable  aid  cheerfully  rendered,  and 
to  Mr.  Leo  Lesquereux,  of  Columbus,  in  this  State,  for  prompt 
and  kind  replies  to  letters  of  enquiry. 


SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  Physics. 

1.  On^certain  Fundamental  ThermO'chwnical  Data. — Bsbths- 
LOT  has  re-determined  with  great  care  the  heat  data  beloDKiog  to 
certain  chemical  reactions,  using  an  improved  calorimeter  tor  the 
purpose,  described  in  the  memoir.  The  heat  of  formation  of 
sulphurous  oxide,  although  determined  many  times,  was  not  ap 
to  this  time  accurately  known.  Thus  sixteen  grams  of  sulpbar 
burned  to  gaseous  sulphurous  oxide  gave  Dulong  41*6  calories, 
Hess  41*1,  Andrews  30*9,  and  Favre  and  Silbermann  85*6,  the 
discrepancies  being  accounted  for  on  the  supposition  that  SO,  was 
formed.  In  Berthelot's  experiments  the  calorimeter  was  of  thin 
glass,  and  the  sulphur  used  the  octahedral  variety.  The  mean 
result  was,  for  sixteen  grams  of  sulphur,  34*55  caloriea.  From 
this  value,  the  author  calculates  the  heat  of  formation  of  sulpharic 
acid  and  the  sulphates,  S-f  0,=:S0  for  example  (using  the  old 
atomic  weights)  evolving  51*8  calories,  SO-|-0,:=SO,  setting 
free  17*2,  S-|-a  +  HO=SO,HO  evolving  62*0,  S  +  0,  +  H=SO,^ 
96*5,  S  +0,  +  K=SO,K  (solid),  171-1,  etc.  The  author  also  found 
the  heat  of  combustion  of  carbonous  oxide  in  his  calorimeter  to  be 
68*17  calories,  for  C,  or  twelve  grams  of  carbon.  Hence  as  C,  tt 
diamond,  in  burning  to  C,0^  evolves  94,  C,  in  burning  to  (5,0, 
evolves  94  — 68  2=25*8,  or  for  amorphous  carbon  28*S.  Ethylene 
twenty-eight  grams,  yields  3;i4'5  calories,  acetylene  tweoty-dx 
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grams,  817*6,  and  benzene  seventy-eight  grams,  770  calories.  In 
the  formation  of  the  hydrogen  compounds  of  bromine  and  iodine, 
H  +  Br  gasszHBr  gas  yields  13*1  calories,  while  H+Br  liquid 
=HBr  gap  gives  0*5,  H+I  gas  =HI  gas  gives  *0*9  calories,  and 
H-f-I  solid  =HI  gas  gives  —6*3.  The  heat  of  formation  of 
broniio  acid  is  -—21*2,  and  of  hypobromous  acid  —6*7. — Anti. 
Chim.  JPhys.y  Y,  xiii,  1,  Jan.  1878.  g.  f.  b. 

2.  MekUions  between  the  Atomic  Weights  of  the  JElements. — 
Wakchtbb  has  described  certain  additional  relations  between  the 
atomic  weights  of  certain  of  the  elements  and  their  properties. 
He  formulates  his  conclusions  as  follows :  1st.  The  chemism  of  the 
elements  tabulated,  twenty-nine  in  number,  diminishes  from  fluorine 
to  silicon,  and  this  with  an  increasing  atomic  weight  and  with  an 
increasing  valence;  while  from  silicon  to  caesium  the  chemism 
also  increases,  the  atomic  weight  also  increasing  but  the  valence 
diminishing.  2d.  The  arithmetical  means  of  the  atomic  weights 
of  pairs  of  elements  of  equallv  intense  but  of  opposite  attractions 
(L  e.,  one  positive  and  the  other  negative)  are  nearly  equal  to  one 
another,  facing  about  seventy-fdx.  As  for  example,  F  and  Cs,  N 
and  Di,  Te  and  M^,  O  and  Ba,  I  and  Na,  Sb  and  Al.  3d.  The 
fusing  and  the  boiline  points  of  the  elements,  so  far  as  known, 
increase  with  increasing  atomic  weights  and  increasing  valence, 
from  fluorine  to  silicon;  while  from  silicon  to  caesium,  they 
diminish  as  the  atomic  weight  rises  and  the  valence  falls. 
4th.  The  specific  heats  of  the  elements  ^ven  in  the  table, 
m  the  solid  state,  so  far  as  known,  diminish  with  increasing 
atomic  weight  and  increasing  valence.  6th.  The  specific  gravity, 
in  the  solid  state  of  the  elements  as  given,  is,  with  corresponding 
atomic  weights,  the  fpreater,  the  higher  the  valence.  6th.  The 
chemism  of  the  negative  metalloids — fluorine  to  silicon — for  the 
metals  proper,  diminishes  with  increasing  atomic  weight  and  an 
increasing  valence. — Ser.  BerL  Chem,  6^.,  xi,  11,  Jan.  1878. 

o.  F.   B. 

8.  New  Method  for  the  Preparation  of  Nitrogen, — Oatbhousb 
has  observed  that  when  ammonium  nitrate  and  manganese  peroxide 
are  heated  together  up  to  the  fusing  point  of  the  former  (about 
180^)  a  violent  reaction  ensues,  the  mass  becomes  red  hot  and 
nitrogen  is  evolved.  K  the  temperature  be  kept  between  180^ 
and  200^,  the  nitrogen  is  entirely  pure,  being  formed  according  to 
the  equation : 

(NH,NO.).+MnO.=Mn(NO.).+(H,0).+N, 

In  one  experiment,  three  grams  NH^NO,  heated  with  an  equal 
weiffht  of  MnO,  in  a  mercurv  bath  kept  at  205°,  yielded  630 
eobio  centimeters  of  gas,  nearly  the  theoretical  quantity.  If  the 
temperature  rises  above  216^  the  manganous  nitrate  decomposes 
giving  nitrous  vapors  and  oxygen.  At  221°  the  {^as  contained 
eight  per  cent  of  oxygen. — JavU,  Soc,  Ch.^  II,  xxix,  116,  Feb. 
1878.  o.  F.  & 

4.  On  a  Method  of  separating  Crystallized  Silica^  especially 
Q%§arttj  from.  Silicates. — Laufbr  has  suggested  an  improvement 
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upon  Mtlller's  process  for  separating  the  silica  existing  as  quarts 
in  rocks  and  soils  from  that  combined  in  the  admixed  silicates, 
which  appears  to  be  satisfactory.  It  is  founded  on  the  well-known 
property  of  salt  of  phosphorus  of  decom]K)sing  silicates,  dissolv- 
ing the  metallic  oxides  and  setting  the  silica  free,  while  at  the 
same  time  the  quarts  present  is  not  attacked.  The  finely  pulver> 
ised  material  is  weighed  in  a  platinam  crucible,  sufficient  salt  of 
phosphorus  to  decompose  the  silicates  is  added,  and  the  whole  is 
carefully  heated,  first  in  an  air  bath,  and  finally  in  the  blast  till 
the  mass  is  in  quiet  fusion.  After  cooling,  the  mass  is  detached, 
boiled  with  hydrochloric  acid  for  a  long  time,  filtered,  and  the 
residue  extracted  with  boiling  solution  of  soda  to  remove  the  silica 
coming  from  the  silicates.  The  final  residue  is  washed,  dried,  and 
weighed  as  quartz.  On  treating  a  gram  of  the  auarts  so  obtained 
with  hydronuoric  and  sulphuric  acids,  only  a  few  milligrams  of 
sulphate  was  left.  The  errors  of  the  method  are  only  about  0*2 
per  cent. — Ber,  BerL  Chem.   €h8,y  xi,  60,  Jan.  1878.        o.  f.  b. 

5.  On  the  uee  of  Stannoica  Chloride  in  the  analyeiB  of  NUrO' 
compounds. — Limpricht,  noticing  the  facility  with  which  an  acid 
solution  of  stannous  chloride  reduced  nitro-compounds,  made  a 
series  of  experiments  to  ascertain  whether  the  reaction  could  not 
be  made  use  of  to  determine  their  composition  quantitatively, 
and  with  excellent  success.  When  a  weighed  qnantity  of  an 
organic  nitro-compound  is  heated  with  a  definite  volume  of 
stannous  chloride  solution  of  known  strength,  the  nitro-group 
is  converted  into  NH,  thus:  NO,+  (SnCl^,+(HCl),=NH,4- 
SnCl^+(H,0),.  By  titntion  the  quantity  of  stannous  chlonde 
used  is  ascertained ;  and  from  this  the  amount  of  the  NO,  cal* 
culated.  The  solutions  needed  are:  (1)  Stannous  chloride,  pre- 
pared by  dissolving  150  grams  tin  in  concentrated  hydrochloric 
acid,  decanting,  adding  50  c.c.  of  HOI  and  diluting  to  a  liter; 
(2)  soda  solution,  180  grams  anhydrous  soda  and  240  grams 
Seignette  salt  in  a  liter  of  water ;  (3)  starch  solution  diluted  and 
filtered;  (4)  iodine  solution,  127  grams  iodine  and  the  necessary 
quantity  of  KI,  in  a  liter.  Of  this  tenth-normal  solution,  1  cc 
=•0059  gr.  Sn.  =0-0007666  gr.  NO.;  (5)  Permanganate  solution, 
made  and  tltered  as  usual  In  the  analysis,  0*2  gram  of  the 
nitro-compound  is  weighed  out,  placed  in  a  100  cc  flask  widi 
10  cc.  of  the  tin  solution,  and  warmed.  After  cooling  the  flask 
is  filled  to  the  mark  with  water,  10  cc.  is  removed  with  a  pipette, 
placed  in  a  beaker,  diluted,  mixed  with  the  soda  solution  until 
the  precipitate  at  first  produced  is  re-dissolved,  and  after  adding 
some  starch  solution,  titered  with  the  iodine  solution  until  the 
blue  becomes  permanent.  The  numerous  results  given  show  the 
process  to  be  accurate — Ber.  BerL  Chem.  G-ee.^  xi,  36,  Jan. 
1878.  G.  1^  & 

6.  On  a  eo^aUed  Catalytic  action  of  Carbon  JHrntlphide.'^ 
Hell  and  MtyHLHlussB  have  observed  a  remarkable  action  of 
carbon  disulphide  in  facilitating  the  action  of  bromine  upon  aoelie 
and  formic  acids.     While  bromine  and  acetic  acid,  treated  in  a 
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water  bath  in  sealed  tabes  for  forty  hours,  have  not  the  slightest 
action  on  each  other,  the  addition  of  a  small  quantity  of  carbon 
disulphide  to  the  mixture  so  facilitates  the  reaction  that  even  in 
six  hours  it  is  completed,  and  in  one  case  the  tube  exploded  from 
the  evolved  hydrogen,  bromide,  in  two  hours.  Further  investiga- 
tion showed  that  the  presence  of  the  disulphide  was  not  abso- 
lutely necessary,  either  for  the  formation  of  the  addition  or  the 
substitution  products  of  bromine  and  acetic  acid,  but  that  it  facil- 
itated the  formation  of  both  to  an  extraordinary  degree,  the  time 
reqmred  for  the  action  to  be  completed  being  in  the  exact  inverse 
ratio  of  the  amount  of  CS,  present.  The  precise  mode  of  action 
of  the  disulphide,  the  authors  are  now  engaged  in  investigating. 
— J?er.  Berl  Chem.  Ges.^  xi,  241,  Feb.  1878.  o.  p.  b. 

7.  On  the  Conversion  of  Nitriles  into  -4»ir»e/e*.— Pinner  and 
Klkin  showed  a  short  time  ago  that  any  nitrile  may  be  made  to 
combine  directly  with  any  alcohol,  by  passing  gaseous  HCl  or 
HBr  into  a  mixture  of  the  two.  There  is  first  formed  the  salt  of 
an  amido-chloride: 

RCN+R'()H+(HCl),=RC  \  ORTLCl, 

/Cl 

which  immediately  loses  HGl  and  becomes  a  salt  of  an  imide. 
Thus  benzonitrile  and  isobutyl  alcohol  when  thus  treated  give  the 

hydrochlorateof  benzimidobutyl  ether,  C,H,C  \  q^  „  >•  HCl.    By 

the  action  of  alcoholic  ammonia,  the  free  benzimidooutyl  ether 

(  NH 
C.H^C  -J  QQ  IT  and  benzimido-amide  (or  benzenylamimide) 

C^C  ]  j^H  i  ^^  ^^  obtained.    The  authors  now  describe  ben- 

nmidoamide  and  its  silver  compound,  and  the  action  of  ethyl 
iodide  and  of  acetic  oxide  upon  it,  and  also  benzimidobutyl  ether. 
Also  a  polymer  of  benzonitrile  termed  kyaphenin. — Ber.  Berl, 
Chem.  Oes.y  xi,  4,  Jan.  1878.  g.  f.  b. 

8.  Qiurdite  a  Pentaeid  AlcohoL — Homann  has  published  in  ^ill 
hiB  memoir  on  quercite,  giving  the  results  of  exj>erimeDt8  made  in 
Wialicenua's  laboratory,  which  go  to  prove  this  sugar  to  be  a 
pentacid  alcohol.  By  the  prolonged  action  of  acetic  oxide  upon 
quercite  in  sealed  tubes  at  100^  to  120^,  a  penta-acetate  was 
obtained  as  an  amorphous  brittle  mass,  having  the  formula 
C^(OC,H,0^..  Saponification  with  barium  hydrate  confirmed 
thia  composition.  The  tetra  and  the  diacetate  are  also  described. 
The  pentanitrate  or  nitroquercite  was  obtained  as  a  gummy  mass, 
ezplodinff  on  being  heated.  Acetyl  chloride  acts  like  acetic  oxide. 
Faming  hydrochloric  acid  was  without  action. — Liebig*s  Ann.^ 
cxc,  282,  Jan.  1878.  o.  f.  b. 

9.  On  the  Acids  of  Cocoa  JBiUter, — Kikozbtt  has  examined 
the  diiemical  constitution  of  the  Cocoa  butter  of  commerce,  hav- 
ing a  fusing  point  of  about  30^  C.  It  was  saponified  by  sodium 
hydrate,  the  sodium  salt  converted  into  a  barium  salt,  this  decom- 
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fosed  by  HCl  in  presence  of  ether  and  the  &tty  acids  obtained 
y  distilling  off  the  ether,  were  repeatedly  crystallized  from  alco- 
hol. By  repeating  the  fractional  crystallisations,  there  was 
obtained  beside  oleic  acid,  an  acid  of  the  formula  C„H,^0  and 
fiising  point  57*5°  as  one  extreme,  and  another  C^H,  <0^  of  fnsing 
point  72*2°  as  the  other,  both  of  which  are  new.  To  the  latter 
the  author  gives  the  name  Theobromic  acid. — J.  CK  Soc.^  xxxUi, 
38,  Jan.  1878.  G.  P.  B. 

10.  On  a  new  Glass  of  Acid  Sake. — Vilubbs  ha«  studied  a 

new  class  of  acid  salts,  the  acid  acetates,  in  which  acetic  acid 

itself  plays  the  part  of  water  of  crystallization.     Their  general 

ft        f» 
formula  of  the  sodium  salts  is  C,H,NaO,(C,H^OJ— H.O— s,  where 

— I — ^=2  or  3.    Thus,  a  salt  crystallizing  in  small  flat  efflorescent 
ffi    m 

prisms  has  the  formula  C,H,NaO,(C,H,0,)t(H,0)t.     Another  of 

n      94 
the  second  class,  where  —A — :^3,  is  in  small  efflorescent  prisms 

of  the  formula  C,H.NaO,(C,Hp,)|(H,0)V.— ^w^  Soe.  CK,  II, 
xxix,  153,  Feb.  1878.  g.  f.  a 

11.  Electro- Magnetic  and  Calorimetric  Absolute  Measurements, 
— In  the  continuation  of  a  paper  with  the  above  title.  Professor 
H.  F.  Webeb  concludes  that  the  value  of  the  Siemen's  mercury 

unit    of   resbtance    lies    between    0*9536  X  10"   ( 1  and 

\    sec.    / 

\  and  that  the  value  of  the  British  unit  ia 

sec.    / 

(millim  \ 
-\    Professor    Weber    also   dis- 
sec.   / 

cusses  the  experiments  of  Favre  on  the  Quantities  of  heat  devel- 
oped by  various  electromotive  forces  in  tneir  circuits  during  the  ' 
time  in  which  they  consume  equal  quantities  of  zinc.  Favre  as- 
serted that ''  ttie  ratio  of  those  quantities  of  heat  gives  quite  an- 
other value  than  does  the  ratio  of  the  corresponding  electromotive 
forces  when  measured  gcUvanometruxMy^'*  and  finds  that  the  con- 
clusion is  at  variance  with  the  galvanic  laws  of  Joule,  Ohm  and 
Faraday.  Weber  from  experiment  shows  that  the  ratio  of  the 
electromotive  forces  obtained  by  the  heat  method  and  the  galvanic 
method  is  the  same,  and  attributes  the  errors  of  Favre  to  the  use 
of  a  mercury  calorimeter,  an  instrument  which  Weber  condemns. 
— PhU.  Mag.,  March  1878,  No.  30,  p.  189.  j.  t. 

12.  Chemical  Dynamics. — Dr.  C.  K.  Aldeb  Wbight  and  Mr.  A. 
P.  Luff  of  St  Mary^s  Hospital,  London,  have  made  a  first  report 
to  the  London  Chemical  Society*  of  their  investigation  on  this 
subject.  The  chief  point  established  by  their  paper  is  the  general 
principle  that  "  that  reducing  agent  begins  to  act  at  the  lowest 
temperature  which  has  the  greatest  heat  of  combustion.**  Detaili 
of  experiments  are  given  on  the  reduction  of  cupric  oxide  and 

*  Journal  of  Chemical  Society  of  London,  January,  18tSL 
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Eerric  oxide  by  carbonic  oxide,  by  hydrogen  and  by  carbon  r^ 
ipectively ;  from  which  it  appears  that  hydrogen  acts  at  a  lower 
temperature  than  carbon,  and  carbonic  oxide  at  a  lower  temperature 
khan  hydrogen.  The  quantities  of  heat  evolved  by  the  combina- 
tion of  carbon,  hydrogen,  and  carbonic  oxide  with  sixteen  grams 
of  oxygen  are  taken  as  47*78,  57*82  and  68*35  respectively.  The 
effect  of  the  different  physical  states  both  of  the  metallic  oxides 
and  of  the  charcoal  used  is  likewise  carefully  discussed. 

In  oonneotion  with  the  above  paper,  Mr.  M.  M.  Pattison  Muir, 
of  Caius  College,  Cambridge  discusses  the  '^  influence  exerted  by 
lime  and  mass  in  certain  reactions  in  which  insoluble  salts  are 
produced."  The  author  following  a  previous  suggestion  of  Glad- 
stone has  studied  chiefly  the  reactions  of  potassic  and  sodic  car- 
bonates on  calcic  chloride  in  aqueous  solution  and  finds  1,  '^  that 
the  greater  portion  of  the  chemical  change  is  produced  during  the 
first  five  minutes  of  the  action ;  after  that  time  the  action  very 
much  decreases  in  rapidity ;  the  amount  of  change  in  the  next 
twenty-five  or  thirty  minutes  is,  however,  always  greater  than  the 
amount  accomplished  in  the  second  period  of  the  same  duration. 
The  action  proceeds  as  it  were  with  a  nish  at  first ;  it  then  gradu- 
ally becomes  more  and  more  slow."     2^  ^'  that  the  equation 

CaCl, +M,C0,=2MCl-f  CaCO, 

does  not  furnish  a  full  expression  of  the  acti|on  of  sodium  or  po- 
tassium carbonate  upon  calcium  chloride.  When  the  two  salts 
are  mixed  in  the  proportion  expressed  by  their  respective  formulad, 
the  action  represented  in  the  equation  is  not  completed  even  after 
,  .  .  forty-six  houre.  In  order  fully  to  realize  the  equation  the 
mass  of  the  alkaline  carbonate  must  exceed  that  which  would  be 
actually  required  to  transform  the  whole  of  the  calcium  chloride 
into  carbonate  were  the  equation  strictly  true.  When  two  mole- 
cules of  potassium  carbonate  are  present  to  one  molecule  of  potas- 
num  chloride  the  action  is  complete  after  the  lapse  of  an  hour ; 
were  sodium  carbonate  employed  it  would  be  necessary  to  use 
rather  more  than  three  molecules  ...  in  order  to  complete  the 
action  in  the  same  period  of  time.  If  the  mass  of  the  alkaline 
carbonate  be  four  times  that  represented  in  the  equation  the  action 
is  complete  in  five  minutes."  3,  ^'  that  increasing  the  mass  of  the 
mdividual  molecules  of  the  precipitant  tends  to  increase  the 
amount  of  chemical  change  brought  about  in  a  stated  period  of 
time,**  the  results  indicating  that  when  potassium  carbonate  is 
used  a  larger  quantity  of  calcium  carbonate  is  formed  in  a  given 
time  than  when  sodium  carbonate  is  employed,  except  when  the 
action  is  allowed  to  proceed  during  very  extended  periods.  4, 
that  elevation  of  temperature  tends  to  increase  and  on  the  other 
hand  that  dilution  of  the  solutions  tends  to  diminish  the  rapidity 
of  the  change. 

These  last  results  are  cited  in  favor  of  the  theory  that  the  action 
depends  upon  the  motion  of  the  molecules  in  solution  and  ''  that 
any  circumstances  which  would  increase  the  excursions  of  the 
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residnal  molecules  of  eodium  or  potasflium  carboDate  and  of  calcium 
chloride,  would  also  iocrease  the  chances  in  favor  of  collision  oc- 
curling  between  these  molecules,  and  hence  the  chances  in  favor 
of  the  production  of  larger  quantities  of  insoluble  calcium  car- 
bonate. On  the  other  hand,  any  circumstances  tending  to  decrease 
the  excursions  of  these  residual  molecules,  or  tending  to  increase 
the  number  of  molecules  which  take  no  part  in  the  production  of 
calcium  carbonate,  and  hence  to  decrease  the  chances  of  the  sodium 
or  potassium  carbonate  and  the  calcium  chloride  molecules  coming 
into  collision,  would  also  tend  to  diminish  the  amount  of  calcium 
carbonate  produced.  Raising  the  temperature  at  which  the  two 
salts  are  allowed  to  react  upon  one  another  would  tend  to  increase 
the  number  of  excursions  of  the  different  molecules ;  diluting  the 
solutions  would  tend  to  decrease  the  chances  of  collision  between 
the  two  sets  of  molecules/'  j.  p.  a,  jr. 

13.  Nitrification . — In  the  Journal  of  the  Chemical  Society  just 
referred  to,  Mr.  Robert  Warrington  gives  the  results  of  a  very 
interesting  series  of  experiments  which  confirm  the  theory  that 
nitrification  is  due  to  the  action  of  an  organized  ferment  aud  is 
probably  a  function  of  some  low  form  of  vegetable  life.  This 
theory  was  regarded  as  probable  by  Pasteur  as  long  ago  as  1862, 
and  during  the  last  year  has  been  substantiated  by  Schloessing  and 
Mdntz  (Compt.  rend.,  Ixxxiv,  301).  These  experimenters  had 
sought  to  establish  two  points  first,  that  antiseptic  vapors  prevent 
nitrification ;  secondly,  that  nitrification  m'ay  be  induced  by  seed- 
ing with  a  substance  already  nitrifying.  Mr.  Warrington  fully 
confirms  the  results  of  Schloessing  and  Mtlntz  on  both  these  points 
and  adds  the  important  fact  that  darkness  is  apparently  essential 
to  the  action  of  the  nitrifying  germs.  In  a  postscript  to  his  paper 
under  date  of  Januarv  4th,  Mr.  Warrington  refers  to  a  paper  of 
Messrs.  A.  Downes  and  T.  P.  Blunt,  read  oefoi-e  the  Royal  Society 
on  December  6th,  in  which  it  is  shown  that  light  is  mimical  to 
the  development  of  bacteria,  a  few  hours  exposure  to  daylight  be- 
ing in  many  cases  sufficient  to  destroy  all  tne  germs  existmg  in 
an  organic  nuid,  while  similar  solutions  kept  in  darkness  developed 
bacteria  freely.  The  bearing  of  this  observation  on  the  fact  that 
light  greatly  retards  or  even  prevents  nitrification  is  obvious. 
Tne  influence  of  light  on  nitrihcation  was  not  apparently  quite 
unknown  ;  it  is  twice  hinted  at  in  Gmelin^s  Chemistry  (Cavendish 
Translation,  iii,  68,  vii,  92)  but  it  is  not  mentioned  by  most  writen 
on  the  subject.  j.  p.  a,  js. 

14.  He- exam  ination  of  some  of  the  Haloid  Compounda  of  Atfiti- 
monyy  by  Professor  J.  P.  Cookb,  Jr.  (Proceedings  of  the  Ame^ 
ican  Academy  of  Arts  and  Sciences,  vol.  xiiL  Boston.  1877).— 
An  extended  abstract  of  Professor  Cookers  paper  upon  the  atomic 
weight  of  antimony  has  been  given  in  this  volume  of  the  Journal, 
pp.  41, 107.  The  present  paper  contains  a  description  of  the  obem- 
ical  and  crystallographical  relations  of  the  iodi(^  of  antimony  in 
particular,  but  also  of  the  chloride,  bromide,  aud  the  pxichlorides, 
oxibromides,  and  oxi-iodides.    The  chloride  and  the  bromide  of 
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aDtimony  were  both  obtained  by  several  different  methods,  in  dis- 
tinct crystals.  These  were  extremely  deliqaescent,  but,  notwith- 
Btanding,  measurements  were  made  oi  sufficient  accuracy  to  prove 
that  thev  both  belonged  to  the  orthorhombic  system,  and  that  in 
their  axial  lengths  they  were  closely  related.  The  iodide  was  ob- 
tained in  three  crystalline  conditions — ^hexagonal,  orthorhombic 
and  monoclinic.  llie  hexagonal  crystals  have  a  deep  ruby-red 
color;  their  specific  gravity  is  4'848,  and  the  melting  point  is  167°. 
The  arthorhoMbic  crystals  have  a  greenish-yellow  color;  they  are 
formed  when  the  iodide  is  volatilized  at  a  low  temperature — be- 
low 114°,  and  when  subjected  to  a  higher  temperature  they 
change  into  the  red,  hexagonal  modification. 

In  discussing  the  morphological  relations  of  the  hexagonal 
iodide,  and  the  orthorhombic  chloride  and  bromide,  Professor 
Cooke  finds  that  though  belonging  to  a  different  crystalline  sys- 
tem, the  iodide  ''  is  constructively  closely  isomorphous  with  the 
two  allied  compounds.'^  The  relation  shown  to  exist  is  analogous 
to  that  which  nas  often  been  shown  to  connect  an  orthorhombic 
prism  of  60"  or  120°  with  a  hexagonal  form. 

The  author  calls  attention  to  the  views  previously  expressed  by 
him  where  he  had  showed  "  that  by  a  kind  of  inter-laminar  mac- 
ling  the  orthorhombic  crystals  of  foliated  minerals  irequently  imi- 
tate the  structure  as  well  as  the  forms  of  the  hexagonal  system.^' 
The  theory  had  also  been  advanced  by  him  that  the  true  hexago- 
nal forms  might  be  the  result  of  a  "molecular  macling,"  accord- 
ing to  which  theory  the  crystalline  molecules  of  these  forms  are 
groaps  of  three  simpler  molecules,  each  of  which  is  a  unit  in  itself, 
and  which  probably  always  becomes  isolated  when  the  substance 
is  converted  into  vapor.  It  is  assumed  that  the  members  of  these 
groaps  are  united  among  themselves  in  the  same  relative  positions 
as  the  diagonals  of  a  regular  hexagon,  so  that  the  optically  uni- 
axial character  of  hexagonal  crystals  is  an  effect  of  such  grouping, 
and  the  hexagonal  form  an  obvious  result  of  the  juxtaposition  ol' 
the  six-sided  group.  Further  it  is  supposed  that  the  simpler  mole- 
cules are  of  such  a  nature  that  when  united  as  individuals  in  posi- 
tions parallel  to  each  they  would  form  crystals  having  a  rhombic 
section  of  60°  and  120''. 

The  discovery  of  the  orthorhombic  modification  of  the  iodide, 
having  angles  of  60°  and  120°,  and  at  the  same  time  optically 
biaziiu,  and  the  fact  that  it  changes  by  a  slightly  elevated  tem- 
perature into  the  hexagonal  variety,  is  considered  by  the  author 
as  Btrong  confirmation  of  the  theory  he  has  advanced.  It  being 
thnB  shown  that  the  same  external  form  is  compatible  with  the 
difierenoes  which  distinguish  the  orthorhombic  and  hexagonal  sys- 
tem, and  the  conditions  under  which  one  of  these  isomers  changes 
into  the  other,  indicate  clearly  that  the  difference  between  the  two 
•nbatances  is  simply  a  difference  in  the  grouping  of  the  same  mole- 
eolety  and  also  that  in  the  red  modification  the  molecules  are  more 
intimately  united  than  in  the  yellow. 

The  monoclinic  variety  of  the  iodide  is  obtained  in  crystals  in 
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the  followine  manner : — A  solation  of  the  iodide  in  caii>oii  disnl- 
phide,  after  it  has  been  exposed  for  some  hours  to  the  action  of 
the  sunlight,  nndergoes  partial  oxidation,  some  iodine  being  set 
free,  this  solution  is  then  distilled  over  a  water  bath,  and  the  pro- 
cess continued  until  almost  the  whole  of  the  free  iodine  is  re- 
moved; the  residue  is  agam  dissolved  in  the  same  solvent,  the  so- 
lution allowed  to  evaporate  spontaneously,  there  is  then  obtained 
a  laree  crop  of  the  red  hexagonal  crystals,  and  finally  a  small 
quantity  of  the  yellow  monoclinic  variety.  Thev  have  a  specific 
gravity  of  4*768.  That  they  are  true  isomers  of  the  other  forms 
of  the  iodide  is  shown  by  chemical  analysis,  and  more  strikingly 
by  the  ease  with  which  they  change  into  the  red  hexagonal  van- 
etyjlike  the  orthorfaombic)  at  a  temperature  of  about  126^. 

The  form  of  the  monoclinic  crystals  is  in  some  respects  closely 
related  to  that  of  the  orthorhombic  crystals,  for  instance  in  the 
dimensions  of  the  basal  section.  Moreover  in  the  re-crystalliia- 
tion  of  the  monoclinic  iodide  in  pure  carbon  disulphide  the  hex- 
agonal iodide  is  obtained,  as  also  a  small  quantity  of  minute  liiom- 
bie  plates,  whose  angles  were  60^  and  120^  From  these  fiiusts  it 
is  concluded  that  the  monoclinic  variety  differs  chemically  from 
the  orthorhombic  only  in  containing  a  small  amount  of  impurity. 
The  molecules  are  supposed  to  be  sraailarly  constituted  and  simi- 
larly grouped,  but  by  the  adhesion  of  the  impurity  to  the  mole- 
cules a  certain  difference  in  form  results. 

The  suggestion  is  made  that  possibly  the  supposed  orthorhom- 
bic crystals  may  prove  upon  more  exact  determination  on  better 
material,  to  be  really  monoclinic,  so  that  the  difference  between 
the  two  yellow  varieties  that  have  been  named  would  exist  only 
in  habit.  This  would  not,  however,  affect  the  general  resalt 
reached  as  to  the  relation  of  their  form  to  the  hexagonal  kind  and 
the  reason  for  its  existence. 

The  *^  molecular  macling'^  which  has  been  explained  is  quite  dis- 
tinct from  the  "  interlaminar  macling,^'  described  by  the  author  in 
his  paper  upon  the  Yermiculites,  and  alluded  to  above.  The  latter 
involves  no  essential  change  in  substance ;  the  former  produces  a 
new,  though  isomeric  compound.  The  red  and  yellow  iodides  of 
antimony  are  as  different  substances  as  calcite  and  arragonite,  and 
the  difference  in  the  two  cases  is  conceived  to  be  of  the  same  kind. 

s.  a.  n. 

16.  77ie  Telephone^  an  Instrument  of  PrecUion. — ^The  apphea- 
tions  to  which  the  telephone  may  in  future  be  put  cannot  yet  be 
all  foreseen.  1  have  to-day  had  its  value  shown  to  me  in  a 
remarkable  way.  1 .  1  used  a  thermo-electric  intermittent  current 
by  drawing  a  hot  end  of  copper  wire  along  a  rasp  completing  the 
circuit.  A  telephone  was  put  into  the  circuit,  m  another  room, 
and  every  time  that  the  wire  was  drawn  along  the  rasp  a  hoane 
croaking  was  heard  in  the  telephone.  2.  i  used  a  theimopQe 
with  a  Sunsen  burner  shining  on  it  from  a  distance  of  aix  met 
The  current  was  rendered  intermittent  by  the  file,  and  the  Bound 
was  most  distinctly  heard.  A  Thomson's  reflecting  galvanometer 
was  introduced  into  the  circuit  which  showed  that  the  currents 
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were  extremely  small.  3.  The  feeblest  attainable  cairents  were 
now  tried,  llie  thermopile  was  removed,  and  without  any  arti- 
ficial application  of  heat  it  was  shown  by  the  galvanometer  that 
the  natural  differences  in  the  temperatures  of  the  different  junc- 
tionB  in  the  circuit  were  sufficient  to  generate  feeble  electric  cur- 
rents only  just  perceptible  with  the  mirror  galvanometer.  These 
were  easily  detected  oy  aid  of  the  ranp  and  the  telephone.  Even 
when  contact  was  simply  made  and  broken  with  the  hand,  a  click 
was  heard  in  the  telephone.  4.  Lastly,  these  feeble  currents  were 
rendered  still  more  insignificant  by  passing  them  through  the 
body  of  a  friend  who  held  one  end  of  the  wire  in  each  hand,  and 
still  the  effects  were  faintly  audible.  Here  the  galvanometer, 
which  was  still  in  circuit,  hardly  gave  any  indication. 

I  have  now  added  the  telephone  to  the  list  of  apparatus  in  the 
laboratory,  considering  it  to  be  perhaps  the  most  delicate  test  of 
an  electric  current  which  we  possess. 

In  these  experiments  onlv  one  telephone  is  used,  viz :  at  the 
receiving  end.  Employed  m  this  way  with  a  powerful  current 
sent  from  the  other  end  of  the  line,  we  may  hope  to  have  mes- 
sages sent  through  submarine  cables  much  more  rapidly  than  at 
present.  Probably  it  will  be  best  to  have  the  intermittent  nature 
of  the  current  maintained  by  an  induction-coil,  or  by  a  spring  rub- 
Udk  agunst  a  continuously  rotating  cog-wheel,  when  the  current 
is  allowed  to  pass  only  when  required  bv  the  depression  of  a  key 
which  communicates  to  the  listener  at  the  receiving  end  the  long 
and  ahort  dashes  of  the  Morse  alphabet. 

I  ought  to  mention  that  I  believe  the  person  who  first  used  a 
thermo-electric  current  with  a  telephone  was  Prof.  Tait. 

OsoRQB  Forbes,  Andersonian  College,  Glasgow,  February  13. 
—Ifh>m  NcUure  of  Feb.  28. 

• 

IL  Geology  and  Mineralogy. 

1.  Origin  of  the  DrifUesB  Region  of  the  Northwest;  by 
RouLND  D.  Irving. — In  a  notice  of  voL  ii  of  the  Geology  of 
WifloOBsin^  given  in  this  Journal  for  January  last,  the  explanation 
I  have  offered  for  the  existence  of  the  driftless  region  of  Wiscon- 
nn  and  the-  adjoining  States  is  said  to  be,  "  though  different," 
doaely  related  to  that  given  by  Professor  Winchell  m  his  Minne- 
sota Geological  Report  for  1876.  I  am  informed,  also,  that 
a  review  of  the  Wisconsin  Report,  written  for  a  Chicago  journal 
-«-bat  which  I  have  not  myself  seen  -has  said  that  mv  explana- 
tion is  the  same  as  his.  From  these  statements  it  mi^ht  oe  in- 
ferred that  I  had  merely  followed  in  his  track.  It  is  entirely  true 
that  his  views  have  some  analogy  to  mine,  and  that  they  were  first 
published;  but  my  report  had  all  been,  not  only  written,  but 
stereotyped  and  printed  before  the  Minnesota  volume  came  to 
luuid«in  the  fall  of  1877;  so  that,  whatever  my  conclusions  are 
worth,  they  are  wholly  my  own.  Possibly  they  are  worth  the 
■ore  because  analogous  to  those  reached  independently  by  some 
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one  else.  The  mstter  hsM  long  excited  my  attention,  the  entire 
inadequacy  of  the  older  Tiews  naving  forced  itself  npon  me  when 
first  engaged  in  field-work  in  Wisconsin. 

However,  thoneh  cheerfully  acknowledging  the  priority  of 
Professor  WiucheTPs  Tiews  so  far  as  they  cover  the  same  ground 
with  mine,  I  find,  on  examining  his  report  again  m<n«  cloeely  that 
not  only  do  we  reach  our  conclusions  in  quite  different  ways,  but 
that  the  analogy  between  his  theory  and  mine  is,  after  all,  not 
much  more  than  slight ;  and,  moreover,  that  in  some  of  the  main 
points  of  his  I  cannot  acquiesce  at  all.  His  idea  is,  as  I  under- 
stand it,  that  the  large  area  of  Archfean  rocks  lying  south  of 
Lake  Superior  exerted  a  protecting  influence  upon  the  region  to 
the  southward,  crowding  back  the  ice,  which  had  been  split  by 
the  high  ridge  of  Keweenaw  Point,  one  part  flowing  westward  on 
the  north  side  of  the  point,  and  so  passing  by  the  driflless  region 
on  the  north,  the  other  turning  southward,  and  so  to  the  ecui  of 
the  driftless  area.  Now  I  assign  nothing  to  the  protecting  influ- 
ence of  the  crystalline  rock  region,  but  eveiythifig  to  the  deflect- 
ing influence  of  the  already  existing  depressions  of  Lake  Michigan, 
the  Green  Bay  Valley  and  Lake  Superior.  The  crystalline  rock 
region  is  no  such  lofty  one  as  he  appears  to  suppose,  is  almost 
everywhere  heavily  drifi-covered,  and  over  most  of  its  surface 
shows  sign  of  the  strongest  glaciation.  The  deep  trough  of  Lake 
Superior,  over  2,000  feet  in  depth  in  its  western  portions,  allowed  the 
passage  from  it  of  only  the  uppermost  portions  of  the  ioa  These, 
divided  into  separate  tongues  by  the  transverse  ridge  topography 
of  the  region  south  of  the  Lake,  and  by  it  deflected  toward  the 
W.S.W.,  overtopped  the  water-shed,  and  carried  morainic  drift 
far  down  on  the  southern  slope ;  but,  because  of  their  diminished 
sisee  and  force,  and  of  their  westerly  direction,  they  left  the  region 
farther  south  untouched. 

Professor  Winchell's  view  was  reached  by  noticing  the  relation 
in  position  of  the  driftless  region  and  the  area  of  crystalline 
rocks,  which  relation,  in  my  view,  is  an  accidental  one,  except  so 
far  as  the  position  of  the  trough  of  Lake  Superior,  carved  in  the 
soft  sandstones  of  the  Lower  Silurian  and  Keweenian,  is  affected 
by  the  position  of  the  ArchsBan  area.  My  own  conclusions  were 
reached  by  the  absolute  demonstration  of  the  former  existence  of 
separate  glaciers  in  the  troughs  of  Green  Bay  and  Lake  Michigan, 
which  is  afforded,  as  I  think,  by  the  facts  given  by  Professor 
(3hamberlin  and  myself  in  our  reports  on  Eastern  and  Central 
Wisconsin.  At  the  time  that  I  wrote,  the  proofs  of  a  similar  state 
of  affairs  for  the  Lake  Superior  country  were  nearly  as  good,  and 
are  now  complete,  as  will  be  seen  when  the  reports  on  that  country 
come  to  be  published. 

Uni versify  of  WisconsiD,  February  18,  1878. 

2.  Second  Geological  Survey  of  Pennsylvania, 
( 1 )  Report  of  Progress  tn  the  Miyette  and  Westmoreland  distrid 
of  the  Bituminous  Goal  Fields  of  Western  Pennsylvania;  by 
J.  J,  Stevenson.    Part  1,  Eastern  Allegheny  County  and  Fayette 
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and  Westmoreland  Counties,  west  from  Chestnut  Ridge.  438  pp. 
8vo,  with  maps  and  sections. — ^Professor  Stevenson's  Report  gives 
first  an  account  of  the  physical  features  and  general  geology  of 
the  district,  and  then  describes  with  detail  the  stratification  of  the 
rocks  in  its  different  parts,  the  relations  of  the  several  beds  to 
those  of  the  adjoining  regions,  the  distribution  of  the  included 
coal  and  iron-ore  beds,  and  various  details  as  to  the  special  char- 
acteristics and  variations  of  the  beds.  The  region  lies  just  to  the 
east  of  Pittsburgh  and  hence  includes  the  great  Pittsburgh  coal 
bed.  The  coals  and  iron  ores  are  described,  and  many  analyses 
are  given  of  the  latter. 

(2.)  Report  of  Progress  in  the  Cambria  and  Somerset  I/intrict 
of  the  BUiuminous  Coal  Fidds  of  Western  Pennsylvania  ;  by  F. 
and  W.  6.  Platt.  Part  II,  Somerset.  848  pp.  8vo.  Harris- 
barg,  Pa. — The  region  here  described  lies  to  the  southeast  of 
that  treated  of  in  ProC  Stevenson's  report  It  contains  to  a  large 
extent  the  same  rocks  and  coal  beds,  but  with  many  peculiarities 
in  their  distribution  that  give  special  interest  to  the  facts  brought 
out.  Numerous  sections  are  given  which  are  carefully  described, 
and  the  subject  of  the  variability  of  the  coal  beds  is  treated 
oC  The  volume  contains  a  preface  by  Professor  J.  P.  Lesley, 
IMrector  of  the  Geological  survey  of  the  State,  announcing  that 
the  ^^Elk  Lick  Coal,'^  stated  in  the  final  Geological  Report  of 
1858  to  occur  at  the  bottom  of  the  Barren  Measures,  and  at  the  top 
of  the  Lower  Productive  Coal  series,  has  no  existence,  and  that  it 
siumld  be  expunged  from  that  report  wherever  it  occurs,  and  also 
from  Lesley's  '^Manual  of  CoaL^  The  Report  is  illustrated  by 
namerous  wood-cuts,  and  six  maps  and  sections. 

(3.)  Oil  Well  Records  and  levels ;  by  John  F.  Carll.  348 
pp.  8vo.  Harrisburg,  Pa. — ^This  Report  is  a  very  valuable  sys- 
tematised  statement  of  facts  connected  with  the  oil  deposits  of 
Western  Pennsylvania.  It  contains  the  geological  and  geograph- 
ical positions  and  depths  of  all  the  oil  openings,  and  sections  of 
the  rocks  in  each  case  as  far  as  thev  were  obtamable.  The  work 
eives  records,  "  more  or  less  doubtful,"  of  2,000  wells ;  and  Prof. 
Lesley  observes,  in  a  prefatory  note,  that  the  number  might  have 
been  20,000,  if  the  records  had  been  in  all  cases  preserved.  This 
volume  is  to  be  followed  by  another  by  Mr.  Carll  in  which  all  the 
facts  here  given  will  be  combined  and  explained  in  a  manner  bet- 
ter adapted  to  the  popular  reader ;  and  in  it  the  geology  of  the 
rocks  penetrated  by  the  oil  borings,  and  of  the  oil  level,  will  be 
specially  considered,  with  other  matters  of  scientific  and  practical 
value. 

3.  The  Ancient  Idfe-history  of  the  Earth,  by  Professor  H.  Air 
LSTiTB  Nicholson,  Professor  of  Natural  History  in  the  Univer- 
sity of  St.  Andrews,  Scotland.  408  pp.  8vo.  (New  York:  Apple- 
ton  A  Co.). — The  work  is,  as  the  title  page  states,  a  comprehen- 
sive outline  of  the  principles  and  leading  facts  of  Paleontological 
science.  After  chapters  treating  in  a  general  way  of  the  fossilifer- 
OQB  rocks,  their  succession  and  tne  uses  and  relations  of  the  fossils 
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tbey  contain,  it  takes  up  in  saccession  the  life  of  the  periods  in 
geological  history,  commencing  with  the  oldest.  Its  many  illos- 
trations  are  not  as  well  engraved  as  they  shonld  be.  The  author 
is  a  zoologist  as  well  as  geologist,  and  the  student  will  find  his 
work  a  very  valuable  help  toward  obtaining  a  comprehensive 
knowledge  of  the  progress  of  life  on  the  globe. 

4.  .Reports  of  the  united  States  JExy^oration  of  the  40ihparaUel^ 
Clabbncb  Kino,  Geologist  in  charge.  Submitt-ed  to  the  Chief  of 
Engineers  and  published  by  order  of  the  Secretary  of  War,  nnder 
authority  of  Congress.  Two  volumes  of  these  Reports,  on  the  re- 
gion in  the  vicinity  of  the  40th  parallel  between  the  Sierra  Nevada 
and  the  Front  Range  of  the  Rocky  Mountains,  have  recently  been 
issued.  They  add  greatly  to  our  knowledge  of  Hocky  Mountain 
geology,  and  are  hastening  on  the  time  when  we  shall  have  a  com- 
pleted map  of  the  great  territories.  These  two  volumes  are  nam- 
bered  volumes  ii  and  iv.  Volume  iii,  by  Mr.  King,  b  now  in  the 
press,  and  will  soon  be  ready  for  delivery. 

Volume  ii,  contains  the  ^^Descriptive  Oeology^'*  by  Abnold 
Hague  and  S.  F.  Emmons  ;  it  is  an  octavo  volume  of  890  pages 
and  is  illustrated  by  twenty-six  plates.  A  notice  of  it  is  deterred 
to  another  number  of  this  Journal. 

Volume  iv,  which  extends  to  670  pages,  consists  of  three  reports 
or  parts :  I,  Paleontology y  by  F.  B.  Mbbk,  illustrated  by  seven- 
teen plates ;  II,  Paleontology^  by  Jambs  Haix  and  R.  P.  Whit- 
FiBLD,  illustrated  by  seven  plates,  and  III,  Ornithology  by  Robbbt 
RiDGWAY.  The  Report  of  the  late  Mr.  Meek  contains  fossils 
ranging  from  the  Lower  Silurian  to  the  Tertiary.  The  oldest  spe> 
cies  are  two  Trilobites  from  Antelope  Springs,  House  Ranee,  Utah, 
named  Conocoryphe  (Ptychoparia)  Kingii)  Meek,  and  Paradox- 
idesf  Nevadensis  Meek. 

Professor  Hall  and  Mr.  Whitfield  describe  Potsdam  fossils  from 
the  Eureka  District,  Nevada;  and  the  west  side  of  Pogonip 
Mountain,  White  Pine  District,  Nevada.  They  include  Brachio- 
pods,  of  the  genera  Obolella,  LingiUepis^  Kutorgina  and  Lqptcena^ 
also  Trilobites  of  the  genera  Crepicephalus  (7  species),  Conocephr 
alites  (Pterocephalus)  (1  sp.),  Ptychaspis  (1  sp.),  Chixriocephahts 
(1  sp.),  Dicelloc^halus  (3  sp.),  Agnostus  (4  sp.)  The  other  fossils 
belong  to  the  upper  portion  of  the  Lower  Silurian,  the  Devonian, 
Carboniferous,  Triassic  and  Jurassic  formations. 

Mr.  Ridg way's  report  contains  much  on  the  habits  of  the  vari« 
ous  birds  observed  by  him  while  in  the  field,  and  also  on  their 
distribution  and  variations.  A  general  review  of  the  several  local 
regions  and  their  faunas  is  presented,  and  lists  of  the  species  of 
each,  which  we  propose  to  notice  in  a  future  number. 

5.  Report  on  the  Clay  Deposits  of  Woodbridge^  South  Am- 
boy^  and  other  places  in  New  Jersey^  together  with  their  uses  for 

firebrick^  potter y^etCy  by  Geobgr  H.  Cook,  State  Geologist  of 
New  Jersey.  882  pp.  8vo.  Trenton,  N.  J.,  1878. — ^This  valua- 
ble volume,  on  the  New  Jersey  clay  deposits,  is  published  by  the 
State  as  a  part  of  the  results  of  the  Geological  Survey.     It  giveSi 
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in  the  first  place,  the  general  geological  and  geographical  facts 
connected  with  the  clays,  and  afterwards  describes  the  various 
openings,  and  the  character  and  composition  of  tbe  clays  they 
afford.  It  closes  with  a  chapter  on  the  economical  uses  of  the 
clays  and  on  the  methods  of  digging.  It  has  two  maps.  One 
shows  the  distribution  of  the  clays  across  the  State  of  New  Jer- 
sey, alon^  a  band,  five  to  eight  mi  Fes  wide,  from  South  Am  boy, 
southwest  to  Trenton,  on  the  Delaware.  The  second  is  a  large 
colored  map,  giving  special  details  with  regard  to  the  northeast- 
em  portion  of  this  tract,  and  covering  a  surface  of  about  ten  miles 
square,  with  contour  lines  for  every  ten  feet. 

6.  7%«  Fu'st  and  Second  Glacial  ercut  of  Europe. — The  third 
number  for  1878  of  Petermann's  "  Geographischen  Mittheilungen^^ 
contains  a  colored  chart,  showing  the  condition  of  Europe  in  the 
firtt  and  second  Glacial  eras,  according  to  the  views  of  H.  Habe- 
mcht,  prepared,  the  author  states,  from  tlu^  best  sources.  It  i*ep- 
resents,  by  colors,  the  distribution  of  the  glaciers  of  the  two  eras, 
and  their  difference  in  length.  Mr.  Habenicht  holds,  contrary  to 
the  opinitms  of  many  geologists,  that  the  boulders  were  distrib- 
uted by  icebergs ;  and  consequently  he  places  N  orthem  Europe, 
down  to  nearly  latitude  50®,  under  the  sea,  and  contracts  the  gla- 
ciers of  Scandinavia  to  the  valleys  on  the  western  side  of  the 
range.  Tbe  chart  is  interesting  as  exhibiting  the  supposed  condi- 
tioo  of  Europe,  according  to  one  believing  in  the  iceberg  theory  of 
the  drift. 

7.  Cordaiiei  with  Jlowere  from  the  Coal  region  of  Pennsi/lvania, 
— ^Mr.  I^esley  communicated  part  of  a  letter  from  Mr.  L.  Les- 

Joerenz,  of  Colambus,  Palflsobotanist  of  the  Geological  Survev  of 
Pennsylvania,  relating  the  recent  discover v  by  Mr.  Mansfield,  in 
his  coal  mines  near  Darlington,  Beaver  Co.,  Pa.,  of  the  flowers 
and  leaves  attached  to  the  stems  of  Cordaites.  ^^  Sternberg  in 
1835,  first  found  a  stem  with  leaves  attached ;  on  which  specimen, 
Corda,  in  1845,  made  his  celebrated  analysis  of  I'labelktria  borassi- 
folia.  One  other  specimen  was  found  by  Lcsquereux  near  Pots- 
ville  in  1858.  Recently,  Grand  'Eury's  discoveries  enabled  him 
to  publish  last  fall  his  splendid  monoi^raph  of  the  Cordaites  in  his 
Carboniferous  Flora.  Mr.  Mansfield  has  now  obtained  a  splendid 
series  of  branches  with  leaves,  and  even  with  leaves  and  flowers, 
representing  in  well  defined  characters  several  species,  and  a 
new  section  of  this  family  unknown  to  Grand  'Eury ;  so  that  we 
now  have  not  only  the  types  of  the  French  author,  but  other  and 
some  new  ones  far  more  clearly  illustrating  the  relation  of  this 
remarkable  group." — Amer.  PhiL  Soc,^  Feb.  I,  1878. 

8.  On  the  Mineral  Caves  of  Huallanca^  Pent;  by  Hknry 
Sbwell,  F.R.G.S. — Mr.  Sewell  has  given  in  the  London  Mining 
Joamal  an  account  of  his  visit,  made  in  1875,  to  the  mineral  caves 
of  Hiudlanca.  The  silver-producing  caves  are  situated  upon  the 
eastern  flank  of  the  Peruvian  Ande^  at  an  altitude  of  14,700  feet 
above  the  sea,  and  4000  feet  above  the  town  of  Huallanca.  The 
region  was  reached  after  an  arduous  journey   across  the  Andes 
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from  the  port  of  Casma ;  in  the  course  of  it,  it  was  necessary  to 
cross  several  parallel  ranges,  one  of  them  16,800  feet  in  altitade, 
and  another  17,200  feet.  The  silver  mines  lie  in  the  heart  of  a 
coal  formation  which  has  been  upheaved  so  that  the  strata  now 
stand  nearly  vertical.  Numerous  seams  of  coal  occur  near  the 
mines.  The  mass  of  the  argentiferous  ores  consists  of  the  mineral 
tctrahedrite,  and  they  contain  about  800  ozs.  to  the  ton.-  The  ote 
is  obtained  in  the  shaly  portion  of  the  formation,  as  well  as  in  the 
sandstone.  In  the  latter  it  is  found  in  huge  "  vughs"  or  caves, 
many  of  these  being  as  much  as  twenty-five  to  thirty  feet  long, 
and  of  about  the  same  depth.  These  caves  are  coated  with  from 
two  to  three  inches  of  argentiferous  ores  and  millions  of  crystals 
of  tctrahedrite  are  destroyed  by  the  picks  of  the  miners  who 
break  down  the  ore  in  that  manner.  [The  specimens  of  tetrahedrite 
brought  back  by  Mr.  Sowell  are  very  remarkable  for  the  unusual 
size  and  brilliancy  of  the  crystals;  some  of  these  he  has  presented 
to  the  Yale  Museum]. 

9.  Ofi  the  new  Mineral  JETomiliie. — ^In  December,  1876,  M. 
Paijknll  published  an  account  of  a  new  mineral,  associated  with 
meliphanite  and  erdmannite  on  the  island  of  Stockod,  near  Brevig, 
Norway,  to  which  he  gave  the  name  of  homilite.  The  mineral  was 
of  a  black  or  brownish-black  color,  and  in  composition  was  shown 
to  be  related  to  datolite,  it  containing  a  considerable  amount  of 
boracic  acid.  The  same  mineral  has  been  investigated  by  MM. 
Des  Cloizeaux  and  Damour  (Ann.  Chem.  et  Phys.,  V,  xii,  1877). 
M.  Des  Cloizeaux  has  shown  that  in  crystalline  form  it  is  closely 
isomorphous  with  gadolinite  and  datolite.  Moreover  the  optical 
examination  has  shown  it  to  be  still  more  nearly  related  to  the 
former  mineral  in  that  some  crystals  are  entirely  doubly  refracting, 
othei*s  have  a  yellow  crust  of  singly-refracting  mineral,  and  others 
are  totally  isotropic.  M.  Damour  has  analyzed  the  mineral  and 
his  analysis  (2)  is  here  quoted  together  with  that  of  M.  Paijknll  (1). 

SiO,     BaO,  A1,0,    FeaO,    FeO  MnO  Ce,0,*  MgO  CaO  Na,0  K,0  H,0 

(1)  31-87  [1808]  1-50      2-16     16-26     ..         ..      0-62  27  28  1-09  0-41  O'SS  =100* 

(2)  3300  [15-21J    ..         „      1818  0-74     2*56      ..    27*00  I'd    ..     2-30  =10«- 


*  With  Lb,0„  Di,0 


•• 


The  hardness  is  4*5,  and  the  specific  gravity  8*84  (Damour). 
From  the  fact  that  the  analyses  do  not  afford  any  simply  atomic 
relations,  and  from  the  results  of  his  optical  examination,  M. 
Des  Cloizeaux  concludes  that  the  singly  refracting  portions  of 
the  crystals  have  been  so  changed  as  to  form  with  doubly  refract- 
ing parts  a  mixture  of  varying  proportions  and  hence  of  variable 
composition. 

III.  Botany  and  Zoology. 

1 .  JF7r>ra  of  Tropical  Africa  ;  by  Daniel  Oliver.      Vol.  III. 

UmheUiferm  to  ^enac.€Os.—\n  the  present  continuation  of  this 

work  Professor  Oliver  has  secured  an  efficient  collaborator  in  Mr. 

Hiem,  who  has  not  only  taken  the   Ebenaceoe^  of  which  he  has 

formerly  published  a  classical  monograph,  but  also  the  Urnhd- 
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liferm^  XuhiacecB  and  DipsacecBy  and  has  borne  a  part  in  the  elabo- 
ration of  the  CompotUcB,  The  latter  order  is  represented  by 
more  g^era  than  woald  be  expected,  namely  117,  and  17  are 
peculiar  to  this  Flora,  all  small  or  monotypic.  The  only  large 
genus  is  Vemonia^  with  78  species.  The  Rnoiaeecf^  which  occupy 
a  sightly  larger  namber  or  pages  (215)  have  78  genera,  30  of 
whicD  are  endemic,  and  three  are  new.  We  observe  that  l^arenna 
Gertn.,  replaces  Wef^era  of  Schreber,  being  three  years  older ; 
also  Chomdia  Linn.,  is  said  to  be  the  correct  name,  but  Ghomelia 
of  Jacquin  is  kept  up.  Canthinm  Lam.,  is  restored  in  good  time 
for  that  important  genus,  much  to  the  relief  of  the  nomenclature, 
and  the  original  Pledronia  of  Linnaeus  is  said  to  be  Olinia! 
The  Liberian  coffee,  the  seed  of  Coffoea  Ziberica,  "is  said  to  be 
far  superior  to  0,  Arabica^  having  larger  berries  and  a  finer 
flavor,  and  being  at  the  same  time  more  robust  and  productive." 
Ftiychotriay  with  61  species,  is  made  to  include  Chasalia^  and  to 
exclude  Orumilea^  which  is  restricted  to  Old  World  species. 
Riehardia  Linn.,  is  taken  up  in  place  of  Richardsonia  Kunth,  to 
the  detriment  of  the  common  Aroideons  genus  which  has  so  long 
borne  this  name.  It  is  well  known  and  duly  recorded  that  the 
Rubiaoeous  eenas  was  named  in  honor  of  Mr.  Richardson ;  where- 
fi>re  it  should  have  been  written  Richardsonia,  There  was  not 
absolute  need  to  change  the  form ;  but  this  having  long  ago  been 
done,  and  another  pbtnt  named  Riehardia^  in  honor  of  L.  C. 
Richard,  and  the  present  state  of  things  having  been  acquiesced 
in  for  more  than  half  a  century,  this  certainly  is  a  case  to  which 
the  rule  *^^uieia  non  movere^^  and  Lord  Melbourne's  deprecation, 
*•  CanH  you  let  it  alone  ?"  would  well  apply.  a.  g. 

2.  Ferns  of  North  America  ;  by  Prof.  D.  C.  Eaton.  Part  III 
has  appeared  with  remarkable  promptitude,  and  has  more  than 
usual  mterest.  There  is  a  characteristic  plate  of  Antpidiwn  Novo- 
horaeense ;  another  devoted  to  Camptosorus  rhizophyllusy  and  to 
Atpidium  pinnatifldnm  (to  the  latter  of  which,  rather  than  to 
the  former,  A,  ebenoidet*  may  have  some  blood-relationship) ;  and 
the  third  is  given  to  Notholoena  Fendkri  and  N,  dealbata,  both 
species  well  adapted  for  color-printing  by  their  whitened  fronds, 
delicate  subdivision,  and  brown  stalks.  a.  o. 

8.  Report  on  the  Fossil  Plants  of  the  Auriferous  Gravel  De- 
posits  of  the  Sierra  Nevada;  by  Lko  Lesquereux.  With 
10  plates.  4to.  1878.  (Vol.  vi.  No.  2  of  the  Memoirs  of  the 
Museum  of  Comparative  Zoology  at  Harvard  College.) — A  me- 
moir beantiful  in  its  dres8  and  very  interesting  in  character.  The 
specimens  figured  are  impressions  of  leaves,  "  imbedded  in  a  fine-  ^ 
grained  whitish  clay  or  soapstone,"  mainly  from  a  collection 
made  by  Mr.  Voy,  of  Oakland,  California,  which  was  secured  and 
presented  to  the  California  University  by  the  liberality  of  Mr.  D. 
0.  Milla  ITiese  Pliocene  remains  are  of  specisil  interest  from  the 
light  they  throw  upon  the  archeology  of  the  existing  North  Ameri- 
etn  flora;  and  we  shall  probably  find  occasion  and  opportunity  to 
discuss  them  in  this  relation.  a.  o. 
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4.  Elias  Magnus  Kribs  of  Upsal,  and  one  of  ihe  most  distin- 
guished and  revered  of  botanists,  born  on  the  1 5th  of  August, 
1794,  died  February  8,  1878.  He  had  worthily  occupied  the 
chair  of  LinnsBUs  at  the  University  of  Upsal  for  almost  half  a  cen- 
tury;  and  his  death,  a  month  after  the  celebration  of  the  100th 
anniversary  of  that  of  LinnsBus,  marks  the  close  of  an  era.    a.  o. 

5.  Cataiog^ie  of  the  Collections  in  the  Museum  of  the  Pharmor 
ceutical  Society  of  GrecU  Britain^  compiled  by  E.  M.  Holmes, 
F.L.S.,  Curator  of  the  Museum.  1878.  pp.  302. — About  two- 
thirds  of  this  catalogue  relate  to  the  vegetable  materia  medica ; 
the  objects  all  classed  under  the  names  of  the  plants  producing 
them  with  interesting  descriptive  and  critical  remarks,         a.  g. 

6.  Thuret'^s  Garden  cU  AntibeSy  as  already  announced,  has  been 
turned  over  to  the  French  Government,  in  order  that  its  useful- 
ness may  be  continued.  It  is  now  decided  that  it  is  to  be  a  son 
of  Mediterranean  branch  of  the  Jardin ,  des  Plantes  of  Paris. 
Botanists  will  be  glad  to  know  that  M.  Naudin,  the  best  of  horti- 
cultural botanists,  is  to  have  the  charge  of  it.  The  cUmate  of 
Antibes  is  especially  proper  for  Utah,  Arizonian  and  South  Cali- 
fomian  plants;  and  we  trust  our  collectors  and  amateurs  will 
keep  this  in  mind,  and  that  many  seeds,  bulbs,  succulent  plants, 
etc.,  may  be  supplied  to  this  important  establishment,  where  they 
may  be  kept  in  cultivation.  The  Botanic  Garden  of  Harvard 
University  will  receive  and  forward  any  American  collections  des* 
tined  for  it.  a.  o. 

7.  Circum«pection  of  Ants, — ^Professor  Lbidy  states  that,  a 
number  of  years  ago,  he  had  been  led  to  an  observation  on  the 
little  red  ant,  sometimes  a  great  pest  to  our  dwellings,  which 
would  indicate  a  ready  disposition  to  become  circumspect.  When 
he  purchased  his  present  residence,  while  it  was  undergoing  some 
repairs,  he  noticed  a  fragment  of  bread,  left  by  a  workman  in  one 
of  the  second-story  rooms,  swarming  with  ants.  Apprehending 
that  the  house  was  seriously  infested,  to  ascertain  whether  it  was 
so  he  placed  a  piece  of  sweet  cake  in  every  room  from  the  cellar  to 
the  attic.  At  noon  every  piece  was  found  covered  with  anta 
Having  provided  a  cup  of  turpentine  oil,  each  piece  was  picked  up 
with  forceps  and  the  ants  tapped  into  the  oil  The  cake  was  re- 
placed, and  in  the  evening  was  again  found  covered  with  anU 
The  same  process  was  gone  through  the  following  two  days,  morn- 
ing,  noon,  and  night.     The  third  dav  the  number  of  ants  had 

freatly  diminished,  and  on  the  fourth  there  were  none.  He  at 
rst  supposed  the  ants  had  all  been  destroyed,  but  in  the  attic  he 
observed  a  few  feasting  on  some  dead  house  flies,  which  led  him 
to  suspect  that  the  remaining  ants  had  become  suspicious  of  the 
sweet  cake.  He  accordingly  distributed  through  the  house  pieces 
of  bacon,  which  were  afterwards  found  swarming  with  ants.  This 
was  repeated  with  the  same  result  for  several  days,  when,  in  like 
manner  with  the  cake,  the  ants  finally  ceased  to  visit  the  bacon. 
Pieces  of  cheese  were  next  tried,  with  the  same  results ;  but  with 
an   undoubted  thinning  in  the  multitude  of  ants.     When  the 
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cheese  proved  no  longer  attractive,  recollecting  the  feast  on  dead 
flies  in  the  attic,  dead  grasshoppers  were  supplied  from  the  gar- 
den. These,  again,  proved  too  much  for  the  ants;  and,  after  a 
few  days'  trial,  neither  grasshoppers  nor  anything  else  attracted 
them ;  they  appear  to  have  been  thoroughly  exterminated,  nor  has 
the  house  since  been  infested  with  them. — Proc,  Acad.  Nat,  Sci. 
Phiiaddphia,  1877,  p.  320. 

8.  Carboniferous  Articulates  of  Illinois, — ^At  the  meeting  of 
the  Boston  Society  of  Natural  History  for  December  5,  1877,  Mr. 
S.  H.  Scudder  showed  some  drawings  of  interesting  Articulates 
from  the  Carboniferous  rocks  of  Illinois.  The  first  represented  a 
species  of  white  anc,  showing  a  wing  without  reticulation ;  the 
second,  the  terminal  segments  of  a  crustacean  belonging  to  a  genus 
allied  to  Dithyrocaris^  but  which  he  had  at  first  taken  for  some 
extraordinary  form  of  insect. 

9.  A  Manual  of  the  Anatomy  of  Invertebrated  Animals^  by 
Tbomas  BL  Huxlbt,  F.R.S.  596  pp.  8vo.  (New  York :  Apple- 
ton  &  Co.) — ^The  best  and  latest  students'  manual  of  the  inverte- 
brates in  the  English  language. 

10.  Nomenclature  in  Zoology  and  Botany^  by  W.  H.  Dall,  U. 
S.  Coast  Survey. — Mr.  Dall,  as  chairman  of  the  committee  of  the 
American  Association  on  Zoological  Nomenclature,  has  been  doing 
ftood  service  to  natural  science  by  his  efforts  to  obtain  the  opin- 
ions of  naturalists  on  various  points  connected  with  the  subject  of 
nomenclature.  This  pamphlet  is  the  result  of  further  labor  in  the 
same  direction.  It  contains,  besides  a  brief  report,  an  Appendix 
consisting  of  a  resum^  of  all  the  principles  and  rules  of  nomencla- 
tmre  as  heretofore  set  forth  by  the  chief  authorities  on  the  subject, 
with  initials  giving  the  authority  for  the  diverse  views,  in  prepar- 
ing which  the  author  has  evidently  expended  a  great  amount  of 
labor  and  care.  He  has  endeavored,  moreover,  to  combine  the 
principles  of  zoological  and  botanical  nomenclature  into  one  sym- 
metrical system.  Mr.  DalPs  statement  of  this  subject  is  a  great 
step  toward  realizing  the  uniformity  so  much  desired. 

11.-4  Pigeon  living  after  the  removal  of  nearly  aU  the  Brain, 
— Dr.  .McQuillen  described  a  case  of  the  extirpation  of  nearly  all 
of  the  cerebrum  of  a  pigeon  by  himself,  and  desired  to  place  on 
record  the  fact  that  the  subject  not  only  survived  the  operation 
twenty-foar  days,  but  gradually  regained  its  usual  powers  and 
habits  of  flight,  and  its  ability  to  feed  itself  and  drink.  Only  one 
such  case  is  on  record.  He  argued  for  the  propriety  and  useful- 
ness of  such  operations  from  the  acknowledged  existing  uncertain- 
ties of  the  science. — Proc,  Amer.  Phil,  /Soc,,  Feb.  1,  1878. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  The  Earthquake  of  November  4,  1877.— (Read  at  the  No- 
vember meeting  of  the  Natural  History  Society,  by  Principal 
Dawson,  LL.D.,  F.R.S.) — In  the  Canadian  Naturalist,  vol.  v, 
first  series  will  be  found  notes  on  the  earthquake  of  October  17, 
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1860,  with  a  summary  of  facto  relating  to  the  previous  shocks 
recorded  in  Canada,  and  some  general  remarks  on  their  periods, 
local  peculiarities  and  probable  causes.  The  subject  was  con- 
tinued in  vol.  i,  of  the  new  series,  in  connection  with  the  earth- 
quake of  April,  1864,  and  in  vol.  v,  new  series,  in  connection  with 
^at  of  October  20,  1870.  I  may  refer  to  these  notices  for  what 
is  known  on  Canadian  earthquakes  up  to  that  time,  and  we  may 
now  continue  the  narrative  m  connection  with  the  somewhat 
wide-spread  disturbances  of  the  earth's  crust  in  the  present 
autumn. 

On  January  4,  1871,  a  shock  was  experienced  at  Hawkesbury, 
Ontario,  but  was  not  reported  from  any  other  place.  A  more 
extensive  earthquake  occurred  on  May  22,  1871.  It  prevailed 
from  the  city  of  Quebec  to  the  western  part  of  Ontario.  The 
time  for  Quebec  is  stated  at  ten  minutes  before  two  a.  m.,  and 
there  was  a  second  shock  at  twenty  minutes  past  three.  The 
time  for  Perth,  Ontario,  is  stated  at  half-past  one.  It  is  note- 
worthy that  this  earth(]^uake  occurred  at  nearly  the  same  time 
with  tnat  recently  experienced.  Since  1871  several  minor  shocks 
have  been  noticed  from  time  to  time,  but  did  not  attract  much 
attention,  and  I  have  preserved  no  details  in  relation  to  themu 

That  of  the  present  month  was  probably  the  most  considerable 
since  1871.  It  occurred  at  Montreal,  at  ten  minutes  before  two  on 
the  morning  of  Sunday,  November  4.  At  Montreal  there  was 
only  one  distinct  shock,  preceded  by  the  usual  rumbling  noise, 
and  sufficiently  severe  to  be  distinctly  felt,  and  to  shake  window- 
sashes  and  other  loose  objects,  causing  them  to  vibrate  for  several 
seconds.  In  so  far  as  the  published  reports  give  information,  the 
shock  would  seem  to  have  been  limited  to  the  area  along  the 
river  St.  Lawrence,  extending  from  near  Three  Rivers  on  the  east, 
to  Kingston  on  the  west,  and  in  a  direction  transverse  to  the  8t 
Lawrence  from  Ottawa  to  the  southern  part  of  New  England. 
In  a  paper  prepared  for  the  American  Journal  of  Science,  by  Pro- 
fessor Rockwood,  of  Princeton,  he  defines  the  area  in  question  as 
that  of  "an  irregular  trapezium  whose  angles  are  marked  by 
Pembroke,  Ont,  Three  Rivers,  P.  Q.,  Hartford,  Conn.,  and 
Auburn,  N.  Y.,  and  which  is  some  200  miles  on  its  northern  and 
southern  side,  about  300  miles  on  the  eastern  side,  and  175  on  the 
western.'^  So  far  as  can  be  learned  from  the  reports,  the  shock 
seems  to  have  been  most  severely  felt  on  the  north  side  of  the  valley 
of  the  St.  Lawrence  and  about  Lake  Cham  plain,  or  may  be  said  to 
have  had  its  center  in  the  Adirondack  and  Green  Mountain  region. 

In  the  notice  of  Canadian  earthquakes  in  1860,  I  mentioned 
that  it  had  been  observed  that  the  greatest  and  most  frequent 
shocks  have  occurred  a  little  after  the  middle  and  toward  the 
close  of  each  century.  We  are  now  approaching  the  latter 
period,  so  that  possibly  the  last  shock  may  De  the  beginning  of  a 
series  of  similar  phenomena.  Since,  however,  there  is  no  known 
reason  for  this  periodicity,  it  may  be  a  merely  accidental  coinci- 
dence, or  may  depend  on  some  cycle  of  about  half  a  eeatiiry. 
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If  we  add  to  the  table  of  earthquakes  in  Eastern  America, 
given  in  vol.  v  of  the  Nataralist,  tlie  more  recent  earthquakes 
observed  in  Canada,  the  proportion  for  the  several  months  will 
stand  as  follows : — 

January,  0  earthquakes ;  February,  4 ;  March,  5 ;  April,  6 ; 
Mav,  7 ;  June,  8 ;  July,  4 ;  August,  6 ;  September,  4 ;  October, 
8;  iJovember,  16  ;  December,  8.     Total,  78. 

Thus  of  seventy-eight  recorded  Canadian  and  New  England 
earthquakes,  fifteen,  or  nearly  one-fifth,  occurred  in  November; 
forty,  or  more  than  half  of  the  total  number,  in  the  third  of  the 
year,  extending  from  October  to  January  inclusive.  The  pub- 
lished catalogues  show  that  similar  ratios  have  been  observed 
elsewhere,  at  least  in  the  Northern  hemisphere. 

In  some  earthquakes  a  low  state  of  the  barometer  has  been 
obser\'ed,  as  if  a  diminution  of  atmospheric  pressure  was  con- 
nected with  the  movements  of  the  crust  producing  seismic  vibra- 
tions. This  we  can  readily  understand  if  a  low  state  of  the 
barometer  should  prevail  over  an  area  of  the  crust  tending  to  rise, 
nmoltaneously  with  a  high  pressure  over  a  sinking  area.  In  this 
case  a  state  of  previous  tension  might  terminate  in  a  rent  of  the 
crust  causing  vibration.  In  the  present  case  no  very  decided 
indication  of  such  a  cause  appears,  at  least  in  so  far  as  this  part 
of  the  St.  Lawrence  Valley  is  concerned.  Mr.  McLeod  informs 
me  that  the  mean  barometer  for  the  week  preceding  the  earth- 
quake was  29*7564,  and  for  the  following  week  30*0864.  The 
barometer  on  the  Friday  before  the  earthquake  at  8  p.  m.  was 
20*115,  the  lowest  observed  since  March  last ;  but  at  1*50  a.  m.  on 
Saturday  it  was  about  20*967,  which  is  very  near  the  mean  of 
November,  1876,  and  also  a  little  above  the  mean  barometer  of 
the  place  for  the  whole  year ;  and  on  Sunday  afternoon  it  rose  to 
S0*200.  It  would  thus  appear  that  the  earthquake  was  preceded 
b^  a  low  state  of  the  barometer,  and  followed  by  one  unusually 
hiffb  for  the  season,  and  this  rapid  fluctuation  was  accompanied 
with  much  atmospheric  disturbance  in  the  region  of  the  lakes  and 
the  St.  Lawrence  Valley.  The  weather  map  issued  by  the  War 
Department  at  Washington  for  Sunday  morning,  November  4, 
shows  a  low  barometer  in  the  Gulf  of  St  Lawrence  and  a  high 
barometer  in  the  Middle  States — the  area  of  the  earthquake  being 
about  half  way  between  the  extremes. 

In  connection  with  previous  earthquakes  it  has  been  observed 
that  the  greatest  intensity  of  the  shocks  appeared  near  the  junc- 
tion of  the  Laureutian  with  the  Silurian  formations.  This  would 
be  a  natural  consequence  either  of  the  propagation  of  vibrations 
upward  from  deep  i4nderl;^ing  regions  through  the  Laurentian 
rocks,  or  from  the  overlying  segmentary  rocks  towards  these 
older  rocks.  In  the  case  of  the  recent  earthquake,  this  appears  to 
have  applied  chiefly  to  the  border  of  the  Laurentians  extending 
round  by  the  Ottawa  and  Kingston  to  the  Adirondacks,  as  if  a 
wave  pfopagated  through  the  Silurian  formations  had  broken 
against  the  southern  and  eastern  sides  of  the  Laurentian  region. 
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or  a  shock  originating  under  the  Laurentian  of  these  regions  had 
extended  itself  from  them  into  the  Silurian  rocks  to  the  south  and 
east.  If  the  prevailing  impression  stated  in  the  reports,  that  the 
vibrations  passed  from  W.  to  £.  or  N.W.  to  S.E.,  is  correct,  the 
latter  would  be  the  more  probable  supposition.  It  is,  however, 
very  difficult  to  attain  to  any  certainty  as  to  the  actual  direction 
of  the  disturbance,  and  some  observers  give  it  as  precisely  the 
opposite  of  that  above  stated. 

On  the  14th  of  November  a  slight  shock  was  felt  at  Cornwall, 
Ontario,  and  on  the  15th  of  November  earthquake  shocks  o^H;urred 
over  a  wide  area  in  Kansas,  Iowa,  Dakota  and  Nebraska. 

OBITUARY. 

Chahlbs  Fbbdbbick  Habtt. — Professor  Hartt,  according  to  a 
telegram  from  Rio  Janeiro,  died  of  vellow  fever  soon  after  the 
middle  of  March  ( 1 8th  ?).    Professor  Hartt  was  born  about  1 838  at 
St.  John,  N.  B.     In  his  youth  he  evinced  a  taste  for  geology,  and 
discovered  at  St  John  many  fossil  plants,  and  the  oldest  speci- 
mens of  fossilized  insects  then  known.     He  studied  from  1862  to 
1865  under  Agassiz  at  Cambridge,  and  accompanied  that  eminent 
scientist  to  Brazil  as  geologist  of  his  expedition.     On  his  return 
he  was  appointed  Professor  of  Greology  and  Physical  Geography 
at  Cornell  University.     After  his  firet  visit  to  Brazil,  Professor 
Hartt  acquired  a  thorough  knowledge  of  the  Portuguese  language, 
and  that  empire  became  his  favorite  field  of  study.     He  returned 
three  times  and  zealously  explored  the  northern  provinces,  giving 
most  attention  to  the  valley  of  the  Amazon.     During  one  of  these 
expeditions,  undertaken  under  the  auspices  of  the  Hon.  Edwin  D. 
Morgan  of  New  York,  he  sent  home  an  interesting  series  of  letters 
for  publication.     Papers  containing  some  of  the  geological  results 
of  tnese  expeditions  are  noticed  in  this  Journal  in  volumes  i  iv, 
vii,  viii  and  x,  of  the  third  series  0®' ^  ^  1875).     In  May  of  1875 
the  Brazilian  Government  olaced  Professor  Hartt  in  charge  of  the 
Geological  Survey  of  the  Empire,  and  gave  him  a  liberal  salary; 
since  then  he  has  been  carrying  forward  this  ereat  work,    lie 
results  thus  far  obtained  have  ^n  only  partiaUy  published.    A 
translation  of  his  first  Report  of  Progress,  made  by  Irrofessor  T.  B. . 
Comstock,  is  contained  m  this  Journal  in  vol  xi,  1876  (p.  466), 
and  a  brief  announcement  of  further  discoveries,  in  voL  xii  (p. 
464).     In  1870,  he  published  his  principal  work,  **The  Geology 
and  Physical  Geographv  of  Brazil"    He  felt  at  home  in  Rio, 
where  he  enjoyed  excellent  health,  and  was  greatly  esteemed. 
His  family  reside  at  Buffalo,  N.  Y.    His  death  is  a  great  loss  to 
the  scientific  world. 

Anoelo  Secciii,  the  Astronomer  and  Director  of  the  Observa- 
tory at  the  Colleeio  Romano  at  Rome,  Italy,  died  on  the  26th  of 
February  last  Father  Secchi,  in  the  years  1848  and  1849,  wis 
connected  with  the  Observatory  of  Georgetown  College,  netr 
Washington.  In  1850  he  returned  to  Europe  and  entered  on  bis 
labors  at  Rome.  His  papers  on  astronomical  and  physical  subjects 
are  very  numerous  and  of  great  value. 
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Art.  XL VII — Research  on  (he  Absolute  Unit  of  Electrical  Resist- 
aiux ;  by  Hekby  A.  Rowlaj^d,  Professor  of  Physics  in  the 
Johns  Hopkins  University,  Baltimore,  Md. 

[Oonttnued  from  page  S91.] 

Theory  of  the  Method. 

When  a  current  is  induced  in  a  circait  by  magnetic  action 
of  any  kind,  Faraday  has  shown  that  the  indaced  current  is 
proportional  to  the  number  of  lines  of  force  cut  by  the  circuit 
and  inversely  as  the  resistance  of  the  circuit  If  we  have  two 
citcuits  near  each  other,  the  first  of  which  carries  a  current, 
and  the  second  is  then  removed  to  an  infinite  distance,  there  will 
be  a  current  in  it  proportional  to  the  number  of  lines  of  force 
cut.  Let  now  a  unit  current  be  sent  through  the  second  cir- 
cuit and  one  of  strength  E  through  the  first;  then,  on  removing 
the  second  circuit,  work  will  be  performed  which  we  easily  see 
is  also  proportional  to  the  number  of  lines  of  force  cut  Hence, 
if  EM  IS  tne  work  done,  Q  is  the  induced  current,  and  R  is  the 
resistance  of  the  second  circuit, 

q=ce|, 

where  C  is  a  constant  whose  value  is  unity  on  the  absolute 
system. 

When  the  current  in  the  first  circuit  is  broken,  the  lines  of 
force  contract  on  themselves,  and  the  induced  current  is  the 
same  as  if  the  second  circuit  had  been  removed  to  an  infinite 
distance.  If  the  current  is  reversed  the  induced  current  is 
twice  as  great ;  hence  in  this  case 

Qz=2E^  or  R=2M^. 

Aic  JoaK.  Sci.— Thibd  Sbbibs,  Vol.  XV,  No.  80.— Mat,  1878. 
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Henoe,  to  measare  the  absolate  resistance  of  a  circuit  on  this 
method,  we  mast  calculate  M  and  measure  the  ratio  of  Q  to  K 
M  is  known  as  the  mutual  potential  of  the  two  circuits  with 
unit  currents,  and  mathematical  methods  are  known  for  its 
calculation. 

The  simplest  and  best  form  in  which  the  wire  can  be  wound 
for  the  calculation  of  M  is  in  parallel  circular  coils  of  equal 
size  and  of  as  small  sectional  area  as  possible.  For  measuring 
E  a  tangent  galvanometer  is  needed,  and  we  shall  then  have 

E=:^  tan  0, 

where  H  is  the  horizontal  intensity  of  the  earth's  magnetism  at 
the  place  of  the  tangent  galvanometer,  and  G  the  constant  of 
the  galvanometer. 

For  measuring  Q  we  must  use  the  ballistic  method,  and  we 
have 

rrf  rn  -  tan — 1  ■= 

Q=^        ^        E^  ^2sini^, 

which  for  very  small  values  of  X  becomes 

Q=|!-^2  sin  J(?'(l+iA-4A«) 

R— mM« ^   ^tang  1 

•  H'  G  Tsini^l+lA-iA"' 

where  H'  is  the  horizontal  component  of  the  earth's  magnetism 
at  the  place  of  the  small  galvanometer,  GK  its  constant,  T 
the  time  of  vibration  of  the  needle,  and  X  the  logarithmic 
decrement 

The  ratio  of  H'  to  H  can  be  determined  by  allowing  a  needle 
to  vibrate  in  the  two  positions.  But  this  introduces  error,  and 
by  the  following  method  we  can  eliminate  both  this  and  the 
distance  of  the  mirror  from  the  scale  by  which  we  find  d*  and 
the  error  of  tangent  galvanometer  due  to  length  of  needla 
The  method  merely  consists  in  placing  a  circle  around  the 
small  galvanometer  and  then  taking  simultaneous  readings 
with  the  current  passing  through  it  and  the  tangent  galvanom- 
eter, before  and  after  each  experiment  Let  a  and  a'  be  the 
deflections  of  the  tangent  galvanometer  and  the  other  galva- 
nometer respectively,  and  let  G''  be  the  constant  of  the  circle 
at  the  point  where  the  needle  hangs,  then 

•p  tan  a=z  j^  tan  or , 

and  we  have  finally 

T>_^l^  G  tana'    tand  1 


TG'tana  sin^^  i+^a-JA*' 
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which  does  not  contain  H  or  H^,  and  the  distance  of  the  mirror 
from  the  scale  does  not  enter  except  as  a  correction  in  the  ratio 
of  sin  ^  and  tan  a! ;  and,  as  a  and  0  can  be  made  nearly 
equal,  the  correction  of  the  tangent  fn^vanometer  for  the 
length  of  needle  is  almost  eliminated.     When  the  method  of 

1 

recoil  is  used,  we  must  substitute  <  .  i  A\*  for  the  term  in- 

volving  A,  and  sin  JA'+sin  ^B'  in  the  place  of  sin  i<^.  A'  and 
B'  being  the  greater  and  smfdler  arcs  in  that  method.  This  is 
on  the  supposition  that  A.  is  small. 

The  ratio  of  Q"  to  G  must  be  so  large,  say  12,000,  that  it  is 
difficult  to  determine  it  by  direct  experiment,  but  it  is  found 
readily  by  measurement  or  indirect  comparison. 

It  is  seen  that  in  this  equation  the  quantities  only  enter  as 
the  first  powers,  and  that  the  only  constants  to  be  (determined 
which  enter  the  equation  are  M,  G  and  G'',  which  all  vary  in 
simple  proportion  to  the  linear  measurement  It  is  to  be 
noted  also  that  the  only  quantities  which  require  to  be  reduced 
to  standard  measure  are  M  and  T,  and  that  the  others  may  all 
be  made  on  any  arbitrary  scale.  No  correction  is  needed  for 
temperature  except  to  M.  Indeed,  I  believe  that  this  method 
exceeds  all  others  in  simplicity  and  probable  accuracy  and  its 
freedom  from  constant  errors,  seeing  that  every  quantity  was 
varied  except  G^^  and  G,  whose  ratio  was  determined  within 
probably  one  in  three  thousand  by  two  methods. 

Having  obtained  the  resistance  of  the  circuit  by  this  method, 
we  have  next  to  measure  it  in  ohms.  For  this  purpose  the 
resistance  of  the  circuit  was  always  adiusted  until  it  was  equal 
to  a  certain  German  silver  standard,  wnich  was  afterward  care- 
fully compared  with  the  ohm.  This  standard  was  about  thirty- 
five  ohms. 

By  this  method,  the  following  data  are  needed. 

L  Batio  of  constants  of  galvanometer  and  circle. 

2.  Batio  of  the  tangents  of  the  two  deflections  of  tangent 
galvanometer. 

8.  Batio  of  the  deflection  to  the  swing  of  the  other  gal- 
vanometer. 

4  Mutual  potential  of  induction  coils  on  each  other. 

5.  Time  of  vibration  of  the  needle. 

6.  Besistance  of  standard  in  ohms. 
For  correction  we  need  the  following : 

1.  The  logarithmic  decrement. 

2.  Distance  of  mirror  from  scala 

8.  Coefficient  of  torsion  of  suspending  flber. 

4.  Bate  of  chronometer. 

5.  Correction  to  reduce  to  standard  meter. 
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6.  Variation  of  the  resistance  of  German  silver  with  the 
temperature. 

7.  Temperature  of  standard  resistance. 

8.  Arc  of  swing  when  the  time  of  vibration  is  determined. 

9.  Length  of  needle  in  tangent  and  other  galvanometer 
(nearly  compensated  bv  the  methods 

10.  The  variation  oi  resistance  or  circuit  during  the  experi- 
ment 

The  following  errors  are  compensated  by  the  method  of 
experiment 

1.  The  local  and  daily  variation  of  the  earth's  magnetism. 

2.  The  variation  of  the  magnetism  of  the  needle. 

8.  The  magnetic  and  inductive  action  of  the  parts  of  the 
apparatus  on  each  other. 

4.  The  correction  for  length  of  needle  in  the  tangent  gal- 
vanometer (nearly). 

6.  The  axial  aisplacement  of  the  wires  in  the  coils  for 
induction. 

6.  The  error  due  to  not  having  the  coils  of  the  galvanom- 
eter and  the  circle  p>arallel  to  the  needle. 

7.  Scale  error  (partly). 

8.  The  zero  error  of  galvanometers. 

Calculation  of  Constants. 

Circle. — For  obtaining  the  ratio  of  G  to  G",  it  is  best  to  cal- 
culate them  separately  and  then  take  their  ratio,  though  it 
might  be  found  by  MaxwelPs  method  ("Electricity/'  Article 
753).  But  as  the  ratio  is  great,  the  heating  of  the  resistances 
would  produce  error  in  this  latter  method. 

For  the  simple  circle, 


G'=2;r 


;fx4^=¥('"KI)'+*'') 


where  A  is  its  radius  and  B  the  distance  of  the  plane  of  the 
circle  to  the  needle  on  its  axis. 

Oalvanometer  for  Induction  Current — For  the  more  sensitive 
galvanometer,  we  must  first  assume  some  form  which  will  pro- 
duce a  nearly  uniform  field  in  its  interior,  without  impairing 
its  sensitivenesa  If  we  make  the  galvanometer  of  two  cir- 
cular coils  of  rectangular  section  whose  depth  is  to  its  width  as 
108  to  100,  and  whose  centers  of  sections  are  at  a  radius  apart 
from  each  other,  we  shall  have  Maxwell's  modification  of 
Helmholtz's  arrangement.  The  constant  can  then  be  found 
by  calculation  or  comparison  with  another  coil. 

Maxwell's  formulse  are  only  adapted  to  coils  of  small  section. 
Hence  we  must  investigate  a  new  formula** 

*  A  fommla  inyolying  the  first  two  terms  of  my  series,  but  applying  only  to  the 
special  case  of  a  needle  in  the  center  of  a  single  cirde  of  rectang^ar  section,  is 
men  by  Weber  in  his  "  Elektrodynamische  Maasbestimmungen  inbeeondere 
Widerstandwnessungen,"  S.  372. 
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Let  N  be  the  total  number  of  windings  in  the  galvanometer. 

Let  R  and  r  be  the  outer  and  inner  radii  of  the  coils. 

Let  X  and  x  be  the  distances  of  the  planes  of  the  edges  of  the 

coils  from  the  center. 
Let  a  be  the  angle  subtended  by  the  radius  of  any  winding  at 

the  center. 
Let  b  be  the  len^h  of  the  radius  vector  drawn  from  the  center 

to  the  point  where  we  measure  the  force. 
Let  0  be  the  angle  between  this  line  and  the  axis. 
Let  c  be  the  distance  from  the  center  to  any  winding. 
Let  w  be  the  potential  of  the  coil  at  the  given  point. 

Then  (Maxwell's  "Electricity,"  Art  695),  for  one  winding, 

and  for  two  coils  symmetrically  placed  on  each  side  of  the 
origin, 

f,=z47r  {  co8a-8in«a(-jQ  V(«)Q.W+i(*)  Q;(«)Q*W+&c.)  | 

where  Q,(^,  Q4W)  &c.»  denote  zonal  spherical  harmonics,  and 
Q,'(a),  Q^{ot)^  &c.,  denote  the  differential  coefficients  of  spheri- 
cal harmonics  with  respect  to  cos  a. 

As  the  needle  never  makes  a  large  angle  with  the  plane  of 
the  coils,  it  will  be  sufficient  to  compute  only  the  axial  com- 
ponent of  the  force,  which  we  shall  call  F.  Let  us  make  the 
first  computation  without  substitution  of  the  limits  of  integra- 
tion, and  then  afterward  substitute  these : 

^^=^(R-rHX-a;)/"'^' 
and  we  can  write 

where  H^=a;  lege  (r+\/ «*+»"*) 

„  1.3.5  .  .  (2i-l)8inaa  \      Qo%^^^a     -^cos^*-'  ,     .      ) 

^•= — »(i.2.3...)    ^^  ] '^'-27^r+^'^?:::3-+  *^-  S 

A,=i 
'""    '2t-.l  (2»-l)2 

'""    '2>-3"^       (2i-l)(2t-3)2.4 
D  -C  2i-8  i(i^i)  ,  ,  (i-e,)    

'""    ' 2»— 6      (2»-»)  (2i— 3)  (2»-6)  2.4.6 
£^=  <bc.,  <bc. 
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Substituting  the  limits  for  x,  r  and  a,  we  And 

'^\(R'+X*)i     (r'+X*)*'^    '"VR'+a!*)*    (r'+a;')*>' ' 

'^*=-  k  \ — i  (20X*+7X«R'+  2R«)  - 

'^^  ^  X'  (X'+  R')» 

(20X*+7XV+  2r') 5! — ^  (20a;*+7ir'R*+  2R*) 


X'CX'+r*)*  a'Cas'+R')* 

The  needle  consisted  of  two  parallel  lamina  of  steel  of  length, 
2,  and  a  distance,  W,  from  each  other.  As  the  correction  for 
length  is  small,  we  may  assume  that  the  magnetism  of  each 
lamina  is  concentrated  m  two  points  at  a  distance  n  I  from  each 
other,  where  n  is  a  quantity  to  be  determined. 
Hence 

^=  (R-r)^-.)  1  H.+H.'-!^Q.(^)+H,  ^  Q,(<.)+eto.  \ 

w 

where  cos  ^=-7=======-,  seeing  that  the  needle  hangs  pa^ 

allel  to  the  coils.  In  short  thick  magnets,  the  polar  distance 
is  about  1 1  and  the  value  of  n  will  be  about  f.  For  all  other 
magnets  it  will  be  between  this  and  unity.  In  the  present  case 
n=f  nearly. 

As  all  the  terras  after  the  first  are  very  minute,  this  approxi- 
mation is  sufficient,  and  will  at  least  give  us  an  idea  of  the 
amount  of  this  source  of  error. 

Induction  Coils, 

The  induction  coils  were  in  the  shape  of  two  parallel  coils  of 
nearly  equal  size  and  of  nearly  square  section. 

Let  A  and  a  be  the  mean  radii  of  the  coil&  Let  &  be  the 
mean  distance  apart  of  the  coils. 

Let  

_        2\/Aq 

^""V(A+o)2+J2  • 

Supposing  the  coils  concentrated  at  their  center  of  section  we 
know  that 

M.=4«VAi|(|-«)F(c)-|-E(c)[ 
iriiere  F(c)  and  E(c)  are  eWVp^c  \T\\ftgNi\^ 


dA 


cPM^  no      «  „.  vA.-       .V     **«• 
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If  C  and  7  are  the  depth  and  width  of  each  ooil,  the  total 
value  of  M  will  be,  when  A=a  nearly, 

and  we  find 

F(.,  («+S) } 

«•  -A(l_<?)l*'(«)(*('-")-^(»-*>)- 

E(c)(2-.^-»...^;^. } 

Corrections. 

Calling  /3  and  d  the  scale  deflections  corresponding  to  tan  a' 
and  sin  ^',  we  may  write  oar  equation  for  the  yalue  of  the 
resistance 

,.    KU.M      '-<&'<)' 

^ -Tina's  ,      „/<y\*  ,  ^„M\«0+A+«*«-) 

where  B'  is  the  resistance  of  the  circuit  at  a  given  temperature 
IT-O^'C,  andK=2^M^,(Ha+6+eta),  in  which  A,  B,  etc. 

and  a,  6,  etc.  are  the  variable  and  constant  corrections  respec- 
tively. 

a.  Correction  for  damping, 

b.  Torsion  of  fiber. 

The  needle  of  the  tangent  galvanometer  was  sustained  on  a 
point  and  so  required  no  correction.  The  correction  for  the 
torsion  in  the  other  galvanometer  is  the  same  for  /3  and  6  and 
hence  only  affects  T.  Therefore,  if  t  is  the  coefficient  of 
torsion, 

c  Bate  of  chronometer. 

Let  2>  be  the  number  of  seconds  gained  in  a  day  above  the 
normal  time 

^"""86400' 
cL  Beduction  to  normal  meter.    The  portion  of  this  reduc- 
tion which  depends  on  temperature  must  be  treated  under  the 
variable  corrections.     Let  m  be  the  excess  of  the  meter  used 
above  the  normal  meter,  expressed  in  meters ;  then 
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e.  Correction  of  T  for  the  arc  of  yibration.   This  arc  was  always 
the  same,  starting  at  q  and  being  reduced  by  damping  to  about  c, , 

where  c,  and  c,  are  the  total  arcs  of  oscillation. 

/  Correction  for  length  of  needles      For  the  tangent  gal- 
yanometer,  the  correction  is  variable.    For  the  circle  it  is 


^-iW 


where  I  is  half  the  distance  between  the  poles  of  the  needle  and 
A  the  radius  of  circle.  For  the  other  galvanometer  it  is 
included  in  the  formula  for  G. 

A.  Reduction  to  normal  meter.  As  the  dimension  of  B  is  a 
velocity  and  the  induction  coils  were  wound  on  brass,  the  cor- 
rection is 

A=+>^(/'-0 
where  y  is  the  coefficient  of  expansion  of  brass  or  copper,  f 
the  actual  and  t"  the  normal  temperature. 

B.  Correction  of  standard  resistance  for  temperature.  Let 
M  be  the  variation  of  the  resistance  for  1®  C,  f"  be  the  actual 
and  fi^  the  normal  temperature  17*^0  C. ;  then 

B=-/i(r-^-). 

C.  Correction  for  length  of  needle  in  tangent  galvanometer, 

C=  +1*  Bin  («+  «')(^y (o'-a) 

where  T  is  half  the  distance  between  the  poles  of  the  needle 
and  A'  is  the  radius  of  the  coil. 

D.  The  resistance  of  the  circuit  was  constantly  adjusted  to 
the  standard,  but  during  the  time  of  the  experiment  the  change 
of  temperature  of  the  room  altered  the  resistance  slightly ;  this 
change  was  measured  and  the  correction  will  be  plus  or  minus 
one-half  this.  The  resistance  was  adjusted  several  times  during 
each  experiment.     The  correction  is  =fcD. 

Some  of  the  errors  which  are  compensated  by  the  experi- 
ment need  no  remark  and  I  need  speak  only  of  the  following. 

No.  8.  By  the  introduction  of  commutators  at  various  points 
all  mutual  disturbance  of  instruments  could  be  compensated. 

No.  5.  In  winding  wire  in  a  groove,  it  may  be  one  side  or 
the  other  of  the  center.  By  winding  the  coils  on  the  center  of 
cylinders  which  set  end  to  end,  on  reversing  them  and  taking 
tne  mean  result,  this  error  is  avoided. 

No.  6.  The  circle  was  always  adjusted  parallel  to  the  coils  of 
the  galvanometer.  Should  they  not  be  parallel  to  the  needle, 
G  and  G"  will  be  altered  in  exactly  the  same  ratios  and  will  thus 
not  affect  the  result.  The  same  may  be  said  of  the  deflection 
of  the  magnet  from  the  magnetic  meridian  due  to  torsion. 
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Na  7.  ^  and  d  both  ranged  over  the  same  portion  of  the 
scale  and  so  scale  error  is  partly  compensated. 

No.  8.  The  zero-point  of  all  galvanometers  was  eliminated 
by  equal  deflections  on  opposite  sides  of  the  zero-point 

InMrume^iU. 

« 

Wire  and  coiU. — The  wire  used  in  all  instruments  was  quite 
small  silk-covered  copper  wire,  and  was  always  wound  in 
accurately  turned*  brass  grooves  in  which  a  single  layer  of 
wire  just  fitted.  The  separate  layers  always  had  the  same 
number  of  windings,  and  the  wire  was  wound  so  carefully  that 
the  coils  preservea  their  proper  shape  throughout  No  paper 
was  used  between  the  layers.  As  the  wire  was  small,  very 
little  distortion  was  produced  at  the  point  where  one  layer  had 
to  rise  over  the  tops  of  the  wires  oelow.  Corrections  were 
made  for  the  thickness  of  the  steel  tape  used  to  measure  the 
circumference  of  each  layer ;  also  for  the  sinking  of  each  layer 
into  the  spaces  between  the  wires  below,  seeing  that  the  tape 
measures  the  circumference  of  the  tops  of  the  wires.  The  steel 
tape  was  then  compared  with  the  standard. 

The  advantages  of  small  wire  over  large  are  many ;  we  know 
exactly  where  me  current  passes ;  it  adapts  itself  readily  to  the 
groove  without  kinks;  it  nils  up  the  grooves  more  uniformly  ; 
the  connecting  wires  have  less  proportional  magnetic  eflfect ;  and 
lastly,  we  can  get  the  dimensions  more  exactly.  The  size  of 
wire  adopted  was  about  No.  22  for  most  of  the  instruments. 

The  mean  radius  having  been  computed,  the  exterior  and 
interior  radii  are  found  by  addition  and  subtraction  of  half  the 
depth  of  the  coil.  The  sides  of  the  coil  were  taken  as  those  of 
the  brass  groove. 

All  coils  were  wound  by  myself  personally  to  insure  uni- 
formity and  exactness. 

Tangent  galvanometer. — This  was  entirely  of  brass  or  bronze, 
and  had  a  circle  about  50  cm.  diameter.  The  needle  was  2*7 
cm.  long  and  its  position  was  read  on  a  circle  20*  cm.  diam- 
eter, graduated  to  15'.  The  graduated  circle  was  raised  so 
that  the  aluminium  pointer  was  on  a  level  wiih  it,  thus  avoid- 
ing parallax.  The  needle  and  pointer  only  weighed  a  gram 
or  two,  and  rested  on  a  point  at  tne  center  which  was  so  nicely 
made  that  it  would  make  several  oscillations  within  1**  and 
would  come  to  rest  within  1'  or  2'  of  the  same  point  every 
time.  I  much  prefer  a  point  with  a  light  needle  carefully  made 
to  any  suspenaed  needle  for  the  tangent  galvanometer,  espe- 
cially as  a  raised  circle  can  then  alone  be  used.     The  needle 

*  To  obtain  an  aoonrate  coil  an  accurate  groove  is  neoessaiy,  seeing  that  otherwise 
the  wire  will  be  heaped  up  in  certain  places.  The  circle  of  the  tangent  galvan- 
omstsr,  ^idi  was  made  to  order  in  Gtormanj,  had  to  be  re-turned  in  this  country 
before  use,  and  much  time  was  lost  before  finding  out  tiie  source  of  the  difficulty. 
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was  saspended  at  a  distance  from  any  brass  wbioh  might  have 
been  magnetic.  There  were  a  series  of  coils  ascending  nearly 
as  the  nnmbers  1,  8,  9,  27,  81,  248,  whose  constants  were  all 
known,  but  only  one  was  nsed  in  this  experiment  The  proba- 
ble error  of  a  single  reading  was  about  ±:  V. 

'Oalvanomeler  Jor  indiuUton  current — This  was  a  galvanometer 
on  a  new  plan,  especially  adapted  for  the  absolute  measure- 
ment of  weak  currents.  It  was  entirely  of  brass,  except  the 
wooden  base,  and  was  large  and  heavy,  weighing  twenty  or 
twenty-five  pounds.  It  could  be  used  with  a  mirror  and  scale 
or  as  a  sine  galvanometer.  It  will  be  necessary  to  describe 
here  only  those  portions  which  affect  the  accuracy  of  the 
present  experiment 

The  coils  were  of  the  form  described  above  in  the  theoretical 
portion,  and  were  wound  on  a  brass  cylinder  about  8*2  cm. 
long  and  11*6  cm.  diameter  in  two  deep  grooves  about  8*  cm. 
deep  and  2 '6  cm.  wida  The  opening  in  the  center  for  the 
needle  was  about  6*5  cm.  diameter  and  the  cylinder  was  split 
by  a  sawcut  so  as  to  diminish  the  damping  effect  This  coil 
was  mounted  on  a  brass  column  rising  trom  a  graduated  circle 
by  which  the  azimuth  of  the  coil  could  be  determined  by  two 
verniers  reading  to  80''.  Through  the  opening  in  the  coil 
beneath  the  needle  passed  a  brass  bar  95  cm.  long  and  2  cm. 
broad,  carrying  a  small  telescope  at  one  end.  In  the  present 
experiment,  this  bar  was  merely  used  in  the  comparison  of  the 
constant  of  the  instrument  with  that  of  another  instrument 
For  this  purpose  the  instrument  is  used  as  a  sine  galvanometer 
by  which  a  great  range  can  be  secured,  and  it  could  be  com- 
pared with  a  coil  having  a  constant  twenty-three  times  less  and 
which  was  used  with  telescope  and  scale. 

The  coils  contained  about  five  pounds  of  No.  22  silk-covered 
copper  wire  in  1790*  turns. 

Two  needles  were  used  in  this  galvanometer,  each  con- 
structed so  that  its  magnetic  axis  should  be  invariable ;  this 
was  accomplished  by  admixing  two  thin  laminae  of  glass-hard 
steel,  to  the  two  sides  of  a  square  piece  of  wood,  with  their 
planes  vertical.  This  made  a  sort  of  compound  magnet  very 
strong  for  its  length,  and  with  a  constant  magnetic  axis.  The 
first  needle  had  a  nearly  rectangular  mirror  2*4  by  1*8  era.  on 
the  sides  and  *22  cm.  thick.  The  other  needle  had  a  circular 
mirror  2*05  cm.  diameter  and  about  1  mm.  thick.  The  nee- 
dle of  the  first  was  1*27  cm.  and  of  the  second  1*20  cm.  long, 
and  the  pieces  of  wood  were  about  '45  cm.  and  '6  cm.  square 
respectively.  The  moment  of  inertia  of  both  was  much  in- 
creased by  two  small  brass  weights  attached  to  wires  in  exten- 
sion of  the  magnetic  axis,  thus  extending  the  needles  to  a 
length  of  4*9  cm.  and  4*2  cm.  respectively.  The  total  weights 
were  5*1  and  5*6  grams  and  the  times  of  vibration  about  7'8 
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and  11*6  seconda  Thej  were  suspended  by  three  single  fibers 
of  silk  about  48  cm.  lone. 

In  front  of  the  needle  was  a  piece  of  plane-parallel  glass. 
This  and  the  mirrors  were  made  oy  Steinheil  of  Munich,  and 
were  most  perfect  in  every  way. 

In  the  winding  of  the  coils  every  care  was  taken,  seeing  that 
a  small  error  in  so  small  a  coil  would  produce  great  relative 
error.  And  for  this  reason  the  constant  was  also  found  by  com- 
parison with  another  coil.    The  following  were  the  dimensions: 

Mean  radius  4*8212  c.  m. 
R=6*6212  r=:3*a212 

X=:3 '476666  x=:  '936666 

R-r=2*6000         X— ar=2-64000 
N=1790- 
whence 

F=1832-26— 1-70  6«Q,(d)-4-60  J*Q4(^)+*90  6»Qe(^-&c. 

Taking  the  mean  dimensions  of  the  two  needles,  we  have 

£=1-28,    10= -62,     n=:},     cos^=*748. 

Q,(<9')=+-339,     Qj(?')=--864,     Q,((y)=--276. 

.'.  G=1832-26— •083+-071--002  -f&o.=1832-24. 

The  ooil  with  which  this  galvanometer  was  compared  was 
the  large  coil  of  an  electro-dynamometer  similar  to  that  de- 
scribed in  Maxwell's  *'  Electricitv/*  Art  726,  but  smaller.  The 
coil  was  on  Helmholtz's  principle  with  a  diameter  of  27*6  cm., 
and  was  very  accurately  wound  on  the  brass  cylinder.  There 
was  a  total  of  240  windings  in  the  coil  The  constant  of  this 
ooil  was  78*871  by  calculation. 

To  eliminate  the  difference  of  intensity  of  the  earth's  mag- 
netism, an  observation  was  first  made  and  then  the  positions  of 
the  instruments  were  changed  so  that  each  occupied  exactly 
the  position  of  the  other:  the  sauare  root  of  the  product  of  the 
two  results  was  the  true  result  free  from  error. 

The  coils  of  the  galvanometer  could  be  separated  so  that  an 
outer  and  inner  pair  could  be  used  together.  By  comparing 
these  parts  separately  and  adding  the  constants  together  we 
find  O.  Hence  two  comparisons  are  possible,  one  with  the 
coils  together  and  the  other  with  them  separate.  The  results 
ifese  for  the  ratio  of  the  constants 

233931     and     234008, 
which  give 

G=1833-37     and     1833-98. 
The  mean  result  is 

1838-67  ±'09, 

and  this  includes  seven  determinations  with  two  reversals  of 
instnunenta.  This  result  is  one  part  in  thirteen  hundred 
greater  than  found  by  direct  calculation,  which  is  to  be 
aoooanted  for  by  the  small  size  of  the  galvanometer  coils  and 
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the  coDseqaeDt  difficult]^  of  their  aocarate  measaremeDt  As 
comparison  with  the  efectro-djnamometer  has  such  a  small 
probable  error,  and  as  it  is  a  mach  larger  coil,  it  seems  best  to 
give  this  oamber  twice  the  weight  of  that  found  by  calcula- 
tion :  we  thus  obtain 

6  =  1833-19 
as  the  final  result 

It  does  not  seem  probable  that  this  can  be  in  error  more  than 
one  part  in  two  or  tnree  thousand. 

Telescope^  9caie^  Ac — The  telescope,  mirrors  and  plane-par- 
allel  glass  were  all  from  Steinheil  in  Munich,  and  left  nothing 
to  be  desired  in  this  directioTi,  the  image  of  the  scale  being  so 
perfect  that  fine  scratches  on  it  could  be  distinguished.  The 
telescope  had  an  aperture  of  4  cm.  and  a  magnifying  power 
of  20  was  used.  The  scale  was  of  silvered  brass,  one  meter 
long  and  graduated  to  millimetera 

Induction  coiU. — A  coil  was  wound  in  a  groove  in  the  center 
of  each  of  three  accurately  turned  brass  cylinders  of  different 
lengths.  Two  of  them  only  were  used  at  a  time,  by  placing 
them  end  to  end,  the  ends  being  ground  so  that  they  laid  on 
each  other  nicely.  The  two  coils  could  be  placed  in  four  posi- 
tions with  respect  to  each  other,  in  each  of  which  they  were 
very  exactly  the  same  distance  apart  This  distance  for  each 
of  the  four  positions,  was  determined  at  three  parts  of  the 
circumference  by  means  of  a  cathetometer,  with  microscopic 
objective,  reading  to  ^^  mm.  The  mean  of  all  twelve  determi- 
nations was  the  mean  distance.  In  using  the  coils  they  were 
always  used  in  all  four  positions.  The  probable  error  of  each 
set  of  twelve  readings  was  =^'001  mm.  The  data  are  as  fol- 
lows, naming  the  coils  A,  B  and  C : 

Mean  radius  of  A=13-710,  of  B=13-690,  of  C=13-720. 
Mean  distance  apart  of  A  and  B=6*534,  of  A  and  C=9*574,  of 
B  and  C=ll-471. 

N=I54  for  each  coil,  5^=:*90,  i;=-84. 

For  A  and  B  we  have 

M=3774860-+TSy(74260-— 66510-)=37765OO- 

The  remaining  terms  of  the  series  are  practically  zero,  as  was 
found  by  dividing  one  of  the  coils  into  parts  and  calculating 
the  parts  separately  and  adding  them. 
For  A  and  C 

M=256 1 4 1 0-+ ^7(34000-  — 27230-)=256 1 974* 

For  B  and  C 

M=2050600-fTV(2'750O-— 19800-)=2061820- 

The  calculation  of  the  elliptic  integrals  was  made  by  aid  of  the 
tables  of  the  Jacobi  function,  j,  given  in  BertrandV  "Trait6  de 
Calcul  Integrale"  as  well  as  by  the  expansions  in  terms  of  the 
modulus  after  transforming  them  by  the  Landen  substitution. 

[To  be  continued.] 
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Akt.  XLVin. — On  a  fourth  mass  of  Meteoric  Iron  from  Augusta 

County,  Virginia ;  by  J.  W.  Mallet. 

In  1871  I  described  *  three  masses  of  meteoric  iron  found 
a  few  miles  from  Staunton  in  this  State;  still  another  has 
lately  been  brought  to  light  under  the  following  circumstances. 
About  the  year  1858  or  1859  a  negro  man,  named  Alf,  belong- 
ing to  Mr.  Bobert  Van  Lear  (on  whose  land  the  largest  of  the 
three  already  described  meteorites  was  found),  brought  to 
Staunton  a  lump  of  iron  which  he  had  found,  and  tried  to  sell 
it,  but  no  one  considered  it  curious  or  valuable  enough  to  pay 
the  price  asked,  a  dollar.  This  man  is  dead,  and  it  cannot  now 
be  ascertained  where  he  found  the  specimen,  but  probably  on 
Mr.  Yan  Lear's  land,  and  undoubtedly  in  his  immediate  neigh- 
borhood. Failing  to  sell  the  mass,  Alf  threw  it  awav  in  a 
vacant  plot  of  ground  behind  a  blacksmith's  shop,  ^qxq  it 
lay  for  several  jears,  until  it  was  used,  with  some  other  loose 
material,  to  build  a  stone  fence.  On  account  of  its  irregular 
shape  and  great  weight  it  soon  fell  out  of  the  fence,  and  was 
then  thrown  aside  in  the  rear  of  a  dentist's  housa  He  used  it 
for  some  time  as  an  anvil  on  which  to  hammer  metals  and 
crack  nuts,  and  afterwards  had  it  built  into  a  wall  round  the 
curbing  of  a  cistern.  Here,  during  the  summer  of  1877,  it 
came  under  the  notice  of  Mr.  M.  A.  Miller  of  Staunton,f  who 
obtained  possession  of  it,  had  it  removed  from  the  wall,  and 
near  the  end  of  the  year  disposed  of  it  to  Messrs.  Ward  and 
Howell  of  Rochester,  if.  Y.  These  gentlemen,  who  were  at 
the  time  engaged  in  the  arrangement  of  a  geological  and 
zoological  collection  which  they  had  contracted  to  furnish  for 
the  ifniversity  of  Virginia,  allowed  me  to  examine  the  mete- 
orite before  it  was  sent  to  Rochester,  and  have  furnished  me 
with  material  for  its  analysis.  They  are  having  the  largest 
part  of  the  iron  cut  into  slices  as  specimens  for  sale. 

The  shape  of  the  mass  is  like  that  of  many  other  metallic 
meteorites,  irregularly  rounded,  larger  at  one  end  than  the 
other,  something  like  a  shoulder  of  mutton  in  general  outline, 
with  well  marked  concave  depressions  or  pittings.  The  wood- 
cut on  this  page  is  from  a  photograph  of  the  specimen. 

The  greatest  length  was  45*7  centimeters,  greatest  width 
29*2  centimeters,  and  greatest  thickness  20'S  centimeters.  The 
weight  was  152  pounds,  or  68.950  grams.  The  crust  was  not 
as  thick  as  that  upon  the  masses  from  the  same  locality  previ- 
ously examined,  and  at  a  number  of  points  the  metallic  luster 

•  This  Journal,  HI,  ii,  10. 

*  T2i6  aiwTe  account  of  the  history  of  the  meteorite  was  furnished  by  Mr. 
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of  the  iron  was  visible  Magnetic  polarity  was  detectable  at 
variouB  parts  of  the  surfaoe.  The  specific  gravity,  taken  with 
a  clean  piece  of  87:6  grams  was  fonnd  =  7*686  at  18^  C.  The 
iron  is  compact  and  crystalline,  with  plates  of  Scbreibersite 
running  through  it,  while  a  few  species  of  troilite  were  de- 
tected. On  etcning  with  nitric  acid  toe  Widmanstattian  figares 
are  clearly  and  beautifully  brought  out,  and  their  general  char- 
acter is  quite  the  same  with  that  shown  upon  the  etehed  sur- 
&ce8  of  the  three  previously  described  maasea  On  one  surface 
two  distinct  seta  of  crystalline  markings  are  observable,  the 
angles  of  intersection  in  each  of  these  being  nearly  aniform. 


An  aualysis  made  by  Mr.  J.  R.  Santos  of  Quayaqail,  Ecua- 
dor, now  working  in  this  laboratory,  gave  the  following  results. 

Iron ei-439    Sulphur -018 

Kickel 7-669    Chlorine traet 

Cobalt -608    Carbon 142 

Copper -021     Silicon  (counted  aa  silica)      -108 

Tin trace  

Phosphorns -088  99-MS 

The  chlorine  occurs  as  ferrous  chloride,  soluble  in  water. 
87'5  grams  of  iron  was  used  for  the  analysis,  so  as  to  render 
accurate  the  determination  of  the  minor  constituents.  A  par- 
tial examination  of  another  specimen,  however,  showed  toat, 
aa  usual  in  such  masses,  the  distribution  of  the  Scbreibersite, 
and  probably  of  the  nickel  in  the  alloy,  is  not  alK^ther  uni- 
form. The  average  amount  of  nickel  is  somewhat  less  than  io 
the  three  formerly  described  masses,  and  the  proportion  of 
cobalt  and  copper  rather  larger ;  but  there  can  be  no  doubt,  I 
think,  that  alt  four  specimens,  found  in  the  same  neighboi- 
hood,  resembling  each  other  closely  in  all  their  phymoal  props- 
ties,  and  exhibitmg  the  same  general  chemical  character,  rf^re- 
sent  different  portions  of  the  same  meteoric  fall. 
DniToraft;  of  Viiginic,  Uaroh  I,  ISIS. 
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Abt.  XLIX. — On  the  Relative  Posilions  of  the  Forest  Bed  and 
associated  Drifi  Formations  in  Northeastern  Iowa;  by  W.  J. 
McGsB. 

The  term  "  Forest  Bed"  was  applied  by  Dr.  J.  S.  Newberry 
to  a  *'  layer  of  carbonaceous  matter,  with  logs  and  stumps, 
and  sometimes  upright  trees/'*  observed  by  him  in  Ohio  dur- 
ing the  progress  of  the  geological  survey  of  that  State.  The 
same  formation  has  been  observed  at  many  points  in  Illinois, 
all  through  southwestern  Indiana,  at  many  localities  in  Wis- 
consin, throughout  northeastern  Iowa,  in  Canada,  and  in  many 
other  places.  Wherever  found  it  rests  upon  true  glacial  Drift, 
and  within  it  are  found  remains  of  the  mammoth,  the  masto- 
don, of  Oastoroides  ohtoensisy  Bison  latifrons,  and  their  contem- 
g>raries.  In  most  of  the  localities  iust  mentioned  the  Forest 
ed  is  overlaid  by  a  partially  stratified  deposit,  regarding  the 
origin  and  age  of  which  there  is  some  doubt  The  condition 
of  the  superficial  deposits  in  the  neighborhood  of  the  residence 
of  the  wnter  is  such  as  to  throw  much  light  on  the  question  of 
the  true  geological  position  of  this  formation.  A  few  sections 
are  appended. 

L  A  foeU  in  FMey,  Iowa, 

1.  SorflEu^soil 2  feet. 

2.  Clean  clay  with  occasional  granite  bowlders 15    '* 

8.  Clay  with  bowlders,  gravel  and  flint 12    ** 

4.  Thin-bedded,  black,  carbonaceous,  shaly  clay,  with  frag- 

ments of  wood 10    ** 

5.  Thick-bedded  do.,  with  much-decomposed  fragments  of 

wood.    Undisturbed  by  glacier 4  " 

6.  Hard  yellow  clay,  sometimes  with  bowlders 1  " 

7.  Do.  with  gravel  and  small  bowlders 2  " 

8.  Niagara  limestone. 

Some  of  the  wood  found  in  this  well — probably  Willow 
(Salix )  though  not  certainly  determined — was  so  well  pre- 
served as  to  be  combustible.  No.  4  displayed  evidence  of 
alluvial  action.  Fragments  of  endogenous  plants  were  found 
in  the  lower  part  of  this  stratum. 

II.  A  weU  250  feet f^om  I. 

1.  Surface  soil 3  feet. 

2.  Clay  with  occasional  granite  bowlders 10    " 

3.  Clay  with  bowlders,  gravel  and  flint  (broken  homstone), 

and  some  sand 8    " 

4.  Same  as  No.  4  in  last,  but  more  carbonaceous 7    ** 

5.  Sameasinl 8    ** 

?*  V  Yellow  clay  with  sand,  gravel  and  small  bowlders  ...  4    '^ 

8.  Niagara  limestone. 

*  Ohio  QeoL  Bep.,  18*74,  pt  I,  voL  ii,  p.  3. 
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Pieces  oF  the  soft  shalj  substance  from  the  lower  part  of  No. 
4  were  found  to  be  slowly  combustible,  but  contained  too 
much  earthy  matter  to  bum  readily.  Charred  wood  and  sticks 
burned  off  at  one  end  were  found  in  this  well. 

HL  A  toeU  two  miles  northwest /h>m  lasL 

Stratification  not  personally  observed.  At  about  twenty  feet 
a  large  stump  of  a  tree  identified  as  Bed  Cedar  (Juniperus  vir- 
giniana)  was  struck  in  one  side  of  the  well.  Below  it  a  stra- 
tum of  the  older  glacial  Drift  several  feet  in  thickness  was 
penetrated.  The  stump  retained  so  much  of  its  organic  char- 
acter as  to  render  the  water  unfit  for  use  when  it  rose  to  its 
level. 

IV.  A  well  half  a  mile  northeast  from  last, 

1.  Surface  soil 4  feet 

2.  Clay  with  a  granite  bowlder  weighing  500  pounds 6    ^ 

3.  Clay  with  gravel 3    " 

4.  Hard,  dark-blue,  shaly  clay,  with  a  large  piece  of  wood 

directly  under  the  bowlder 8    " 

V.  A  well  two  miles  northeast  J¥om  last. 

Stratification  not  observed  personally.  At  about  fifty  feet 
fragments  of  wood,  one  partiallv  burned,  were  found  inter- 
mixed throughout  a  hara,  blacKish,  laminated  clay.  Below 
this  the  usual  yellow  clay,  with  gravel,  sand  and  small  bowl- 
ders was  found  resting  on  Niagara  limestona 

VL  A  well  quarter  of  a  mile  southeast  oflasL 

1.  Surface  accumulation 4  feet 

2.  (Absent,  owing  to  denudation). 

3.  Clay  with  gravel,  sand  and  bowlders 16   " 

4.  )  Carbonaceous,  shaly  clay,  with  fragments  of  wood,  one 

5.  )      identified    doubtfully  as    Sumac.      Disturbed    by 

glacial  and  alluvial  action 6   " 

J  [  Yellow  clay,  with  gravel,  etc. 4   ** 

8.  Niagara  limestone. 

Farley  is  twenty-three  miles  west  of  the  Mississippi  at 
Dubuc[ue,  and  is  about  525  feet  higher  than  that  point  The 
elevation  at  wells  III  and  V  is  about  the  same.  IV  is  about 
twenty-five  feet  and  VI  about  fifty  feet  lower.  The  generil 
topography  beneath  the  Forest  Bed,  so  far  as  it  has  been 
determined,  is  not  greatly  different  from  that  of  the  present 
surface.  The  wells  given  are  but  examples  of  all  excavated 
in  the  neighborhood,  leaving  out  those  in  which  either  the 
Forest  Bed  or  both  it  and  the  older  Drift  have  been  removed 
or  modifiefi.  The  interesting  fact  is,  that  the  uppermost  de- 
posit is  in  all  cases  the  same,  and  is  beyond  the  snadow  of  a 
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oubt  glacial  Drift  very  slightly  or  not  at  all  modified,  and 
sbibitmg  no  distinct  stratincation.  The  only  difference  be- 
ireen  the  upper  and  lower  parts  is  that  the  lower  part  con- 
dns  a  larger  proportion  of  gravel  and  worn  bowlders  from 
le  immediate  vicmity.  The  upper  part  contains  no  bowlders 
ideed  except  those  of  granite,  syenite,  quartzite,  and  other 
letamorphic  rocks  from  far  to  the  northward.  These,  how- 
ver,  are  quite  abundant  In  some  fields  it  has  been  necessary 
>  remove  dozens  of  bowlders  of  one  hundred  pounds  weight 
Qd  upwards  from  each  acre  before  the  land  coula  be  ploughed, 
ome  also  are  quite  large,  reaching  scores  of  tons  in  weight 
'his,  too,  is  a  r^on  which  our  last  State  Geologist,  by  some 
versight,  described  as  being  destitute  of  bowlders.*  But  from 
D  examination  of  many  counties  noted  for  the  abundance  of 
leir  bowlders,  the  writer  has  found  that  these  erratics  are  as 
bundant  throughout  a  great  part  of  the  **  bowlderless  region" 
I  in  any  part  of  Iowa.  Glacier-marked  bowlders  are  rare, 
owever.  Perhaps  one  in  a  thousand  shows  plainly  grooves 
od  deep  scorings;  but  many  others  are  less  distinctly  marked, 
till  not  more  than  one-tenth  exhibit  any  other  marks  of  glacial 
3tion  than  a  rounded  form. 

The  Forest  Bed  is  found  at  many  other  localities  in  Iowa, 
dd  within  it  the  bones  of  the  mastodon  and  beds  of  peat 
ave  been  discoveredf  The  writer  has  also  seen  crania  of 
Kson  latifrons  from  the  same  horizon.  It  has  generally  been 
^nsidered  to  be — in  other  places  as  well  as  in  Iowa — a  post- 
lacial  formation.  This  view  finds  some  support  in  the  charac- 
)r  of  the  superficial  deposits  of  Ohio,  Illinois  and  Indiana, 
om  the  assorted  and  stratified  arrangement  of  the  later  Drift 
>rming  these  deposits.  As  before  stated,  however,  the  forma- 
ons  in  this  neighborhood  are  such  as  to  show  conclusively 
lat  the  Forest  Bed  is  overlaid  by  true  glacial  Drift,  and  hence 
LUSt  be  of  interglacial  a&^e;  and  from  a  recent  examination 
le  writer  is  convinced  that  the  overlying  deposits  in  Ulinois 
i  least  are  formed  of  glacial  Drift  deposited  since  the  Forest 
ed  stratum  and  afterwards  modified  by  alluvial  action  during 
e  slow  retreat  of  the  glacier.  In  Nebraska  this  carbonaceous 
ratum  has  been  found  resting  on  glacial  Drift  and  overlaid 
T  both  the  Drift  of  the  later  glacier  and  the  Loess  of  the 
issoori  Valley4    The  similarity  of  the  organic  remains  found 

this  stratum  wherever  exposed  indicates  a  like  age  for  its 
»posits  over  the  whole  territory  in  which  it  is  found. 

»  Dr.  C.  A.  White's  GeoL  Rep.  (of  Iowa),  1870,  voL  i,  p.  8t. 

f  L.  a,  pp.  117,  118,  119,  and  339. 

X  ** Soperflcial  Deposits  of  Nebraska;"  from  Hayden's  Beport  for  1874,  p.  6. 

F^lejr,  Iowa,  March  12th,  1878. 

Am.  Jottb.  Sci.—Thikd  Sbribs,  Vol.  XV,  No.  89.~Mat.  1878. 
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Art.  L. —  Oeographical  and  Oeological  Survey  of  (he  Rocky 
Mountain  Region  tinder  the  direction  of  Professor  J.  W.  Potoeu. 
Account  of  work  performed  during  the  year  1877. 

About  the  middle  of  last  May,  the  sarveying  oorps  again 
took  the  field.  This  year  the  rendezvous  camp  was  at  Mount 
Pleasant,  a  little  town  in  Utah  about  125  miles  south  of  Salt 
Lake  City.  Three  parties  were  organized  under  the  direction  of 
Professor  A.  H.  Thompson,  one  to  extend  the  triangulation  and 
two  for  topographic  purposes,  the  latter  being  under  charge  of 
Mr.  W.  H.  Graves  and  Mr.  J.  H.  Benshawe  respectively,  and 
the  former  under  the  immediate  direction  of  Professor  Thomp- 
son, assisted  by  Mr.  0.  D.  Wheeler. 

The  area  designated  for  the  season's  work  lies  between  S8^ 
and  ^O''  30'  north  latitude,  and  between  lOO""  80'  and  112''  west 
lonj^tude,  Greenwich,  and  is  embraced  in  atlas  sheets  86  and  76. 

Triangulation. — The  triangulation  party  left  Mount  Pleasant 
in  June.  The  work  of  this  year  being  a  continuation  of  the 
expansion  from  the  Gunnison  Base  Line  measured  in  1874,  it 
was  desirable  to  first  visit  some  of  the  geodetic  points  established 
in  previous  years  but  the  unprecedented  amount  of  snow  ^et 
remaining  in  the  high  plateaus  and  mountains  rendered  this  im- 
practicable, and  the  first  part  of  the  season  was  spent  in  establish- 
ing stations  on  the  Ta-va-puts  Plateau  west  of  the  Green  Biver. 
In  midsummer  the  party  was  able  to  visit  the  high  plateaus  and 
connect  the  work  of  past  years  with  that  of  this  season.  Later 
the  triangulation  was  extended  to  the  east  joining  the  work  of 
the  United  States  Geological  and  Geographical  Survey  of  the 
Territories  under  charge  of  Dr.  F.  Y.  Hayden  and  to  the  north 
to  join  the  work  of  the  United  States  Geological  Exploration 
of  the  40th  Parallel,  Clarence  King,  United  States  Geologist  in 
charge.  The  whole  area  of  the  season's  work  embraces  some- 
thing more  than  18,000  square  miles.  The  instrument  used  was 
the  tneodolite  hereafter  described.  The  points  sighted  to  on 
the  geodetic  stations  were  either  artificial  monuments  or  well 
defined  natural  points,  and  all  stations  were  marked  by  stone 
cairns. 

Topographic  Work  by  Mr.  Oraves. — ^The  district  aasigoed  Mr. 
Graves  for  topographic  work  was  the  eastern  half  of  atlas  sheet 
75  and  that  portion  of  sheet  86  lying  east  of  the  Green  and 
Colorado  Bivers,  an  area  of  about  10,000  square  milea  The 
most  remarkable  topographic  feature  of  this  region  is  a  bold 
escarpment  facing  the  south  and  extending  from  the  western, 
far  beyond  the  eastern  limit  of  Mr.  Graves'  work.  This  is 
known  as  the  Book  Clifis.    At  the  foot  of  this  eecaipment  Iia 
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a  narrow  valley  through  which  passes  the  only  practicable 
route  of  travel  between  Central  Utah  and  Western  Colorado. 
South  of  the  valley  the  whole  region  is  cut  by  a  labyrinth  of 
caflons,  formed  by  the  Grand,  Green  and  San  Rafael  Rivers  and 
their  tributaries.  This  region  is  one  of  the  most  inhospitable 
and  inaccessible  in  the  territory  of  the  United  States.  It  is 
characterized  by  extreme  aridity,  and  some  portions  are  cut  by 
narrow  gorges,  forming  ''alcove  lands.'*  In  other  portions  are 
found  bills  of  naked  sands  and  clays — regions  of  bad  lands, 
bold  cli£&,  towering  monuments,  hills  of  drifting,  glittering 
sands  and  deep  tortuous  caflons  giving  to  the  landscape  an 
appearance  strange  and  weird. 

The  Book  Cliffs  rise  to  an  average  altitude  above  their  base 
of  3,000  feet,  and  about  8,500  feet  above  the  sea-level,  and  the 
countrv  from  the  southern  crest  inclines  gently  northward  to 
the  valleys  of  the  White  and  Uinta  Rivers.  This  gigantic  ter- 
race, called  the  Ta-va-puts  Plateau,  is  cut  in  twain  from  north 
to  south  by  profound  gorges  through  which  the  Green  River 
runs,  known  as  the  caflon  of  Desolation  and  Gray  Cafion.  The 
drainage  of  the  plateau  is  northward  from  the  brink  of  the 
cliffs  through  deep  narrow  cafions  for  many  miles,  but  at  last  all 
these  enter  the  Cafion  of  Desolation  a  few  miles  from  its  head. 
North  of  the  Ta-va-puts  Plateau  are  the  vallevs  of  the  White 
and  Uinta  Rivers.  Nearly  all  the  latter'and  a  large  portion 
of  the  lower  course  of  the  former  are  within  the  boundaries  of 
Mr.  Graves'  work. 

Over  the  whole  district  assigned  to  Mr.  Graves  he  extended 
the  secondary  triangulation.  Owing  to  the  peculiar  topography 
of  the  country,  his  stations  will  average  about  twelve  miles 
apart.  He  also  made  a  connected  plane-table  map  of  the  whole 
area,  and  complemented  his  work  with  orographic  sketches. 

In  the  southern  portion  of  the  area  surveyed  by  Mr.  Graves, 
considerable  bodies  of  irrigable  lands  are  found  along  the  Grand, 
Green,  San  Rafael  and  Price  Rivers ;  and  in  the  valleys  of  the 
Uinta  and  White  Rivers,  are  other  large  tracts,  on  which  the 
waters  of  the  streams  named  can  be  conveyed  at  slight  cost 
Mr.  Graves  determined  the  extent,  character  and  location  of 
these  lands,  and  the  amount  of  water  carried  by  the  streams 
throughout  the  area  embraced  in  his  work. 

On  the  Ta-va-puts  Plateau  are  small  forests  of  pine  and  fir, 
but  generally  Mr.  Graves'  district  possesses  no  more  timber  than 
soflBcient  to  meet  the  future  local  requirements  of  actual  settlers. 

Topographic  Work  by  Mr.  Renshatoe, — The  district  assigned 
Mr.  Kenshawe  was  the  western  portion  of  atlas  sheet  75,  an 
of  about  6,000  square  miles.  The  eastern  portion  of  this 
is  a  broad  table-land  called  the  Wasatch  Plateau,  having 
an  average  elevation  of  about  9,500  feet,  cut  by  deep  valleys 
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and  drained  from  its  very  western  edge  toward  the  east  by  the 
Fremont,  San  Rafael,  Price  and  Uinta  Rivers.  The  western 
portion  includes  broad  valleys,  abrupt  ranges  of  mountains,  and 
one  plateau  of  considerable  extent  The  principal  valleys  in 
this  part  are  the  San  Pete,  Juab  and  Utah,  all  having  a  general 
northern  and  southern  trend,  an  average  elevation  of  about 
5,000  feet,  and  all  are  drained  by  the  San  Pete  River  and  the 
streams  flowing  into  Utah  Lake.  The  mountain  ranges  standing 
between  the  valleys  are  the  Wasatch,  rising  in  its  highest  peaks 
to  12,000  feet,  the  Lake  Mountains  and  the  Tintic  Hills  each 
reaching  an  altitude  of  nearly  7,500  feet 

The  lofty  table  land  called  Gunnison  Plateau  has  an  area  of 
about  750  square  miles,  and  an  average  elevation  of  8,000  feet 
It  is  bounded  on  three  sides  by  almost  vertical  walls,  and  is 
extremely  rugged  and  difficult  to  traverse. 

There  is  but  little  irrigable  land  in  the  eastern  portion  of 
Mr.  Renshawe^s  district,  but  the  broad  valleys  of  the  western 
contain  large  areas  of  excellent  lands,  and  the  numerous  streams 
furnish  a  good  supply  of  water. 

Mr.  Renshawe  determined  the  volume  of  water  in  every  con- 
siderable stream  as  well  as  the  extent  and  localities  of  the  irri- 
gable lands  throughout  his  district 

On  the  plateaus  and  mountain  ranges  are  large  quantities  of 
excellent  timber. 

On  the  head  waters  of  the  Price  River  and  on  Huntington 
Creek  are  extensive  beds  of  coal,  and  on  that  portion  of  the 
Wasatch  Range  included  in  Mr.  Renshawe's  district  are  deposits 
of  silver  and  galena. 

Mr.  Renshawe  extended  the  secondary  triangalation  over  the 
whole  district  assigned  him,  making  stations  at  an  average  dis-  . 
tance  of  about  eight  miles,  and  measuring  all  the  angles  of 
nearly  every  triangle  in  the  extension.  He  also  made  a  con- 
nected plane-table  map  of  the  whole  area,  and  complemented 
his  work  with  a  complete  set  of  orographic  sketches. 

Hypsomeiry, — ^The  hypsometric  worK  of  this  season  rests  on 
a  primary  base  established  at  the  general  supply  and  rendesvons 
camp  at  Mount  Pleasant,  and  connected  by  a  long  series  (rf 
observations  with  the  station  of  the  United  States  Signal  Service 
at  Salt  Lake  Citv.  At  the  base  station  observations  were  made 
with  mercurial  barometers  four  times  each  day,  and  for  eight 
days  during  the  month,  hourlv  from  7  A.  ic  to  9  P.  X.  Mercu- 
rial barometers  were  carried  by  each  field  party,  and  obser^t- 
tions  made  to  connect  every  camp  with  the  base  station.  All 
the  geodetic  points  and  topographic  stations  were  connected  bjr 
observations  with  mercurial  barometers  either  with  the  cam^ 
or  directly  with  the  base  stations  or  both.  All  the  topographic 
stations  were  also  connected  with  each  other  by  angulation,  ind 
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from  these  stations  the  altitudes  of  all  located  points  were  de- 
termined by  the  latter  method. 

Instruments,  Base 'measuring  Apparatus.  —  The  apparatus 
used  in  measuring  the  base  lines  from  which  the  primary  trian- 
golation  is  developed  consists  essentially  of  wooden  rods  aligned 
and  leveled  on  movable  trestles  or  tripods,  the  contact  being 
made  by  coincidence  of  lines  instead  of  bv  direct  abutment 

The  rods  are  fifteen  feet  long,  one-half  of  an  inch  square, 
thoroughly  dried,  oiled  and  varnished.  They  are  supported  in 
cases  made  truss-form  to  prevent  sagging,  and  moved  in  these 
cases  to  make  the  contact  oy  a  rack  and  pinion  motion.  Either 
end  of  a  rod  is  shod  with  a  plate  of  brass  firmly  fixed  upon  and 
half  the  width  of  the  rod  or  one-fourth  of  an  inch,  and  so 
arranged,  that  the  plate  upon  the  forward  end  of  any  rod  pro- 
jects oy  the  plate  upon  the  rear  end  of  the  preceding  one,  in 
such  a  manner  that  both  rods  are  in  the  same  straight  line. 
The  line  of  coincidence  is  marked  upon  both  plates  ana  contact 
is  determined  by  a  magnifier.  A  delicate  spirit-level  is  attached 
to  each  case  to  adjust  it  horizontally  and  a  thermometer  inserted 
to  determine  the  temperature  of  the  rod.  Two  steel  pins  by 
which  the  rods  are  aligned  are  fixed  on  the  cases  directly  over 
the  center  of  the  ends  of  the  rod& 

The  tripods  (or  stands  upon  which  the  cases  carrying  the 
rods  rest),  have  short  double  l^s  of  the  usual  construction. 
Firmly  fixed  upon  the  tripod  beads  are  two  uprights  upon 
which  a  sliding  cross-piece  is  clamped  by  thumb  screws. 
Above  this  cross-piece  parallel  to  and  carriea  with  it,  is  a  sec- 
ond which  can  be  moved  up  or  down  three-fourths  of  an  inch 
by  means  of  a  long,  slender  wedge,  working  between  the  two 
cross-pieces  and  furnishing  an  easy  means  of  making  the  final 
adjustment  of  the  rods  in  level.  The  uprights  are  several 
inches  apart  and  give  sufficient  range  to  all  the  rods,  which  is 
done  by  a  theodolite  placed  in  advance  upon  the  line  to  be 
measured.  Two  or  three  rods  and  six  or  eight  tripods  are  used. 
The  rods  are  kept  in  a  horizontal  position,  and  when  the  ine- 
qualities of  the  ground  demand,  vertical  offsets  are  made  with 
a  theodolite.  The  line  is  first  ranged  out  and  stakes  set  600 
feet  apart  along  its  length,  then  with  six  men  to  work  the  appa- 
nitus,  3,000  feet  per  day  can  be  measured  with  all  the  accuracy 
the  refinements  of  the  triangulation  demand. 

theodolite. — The  theodolite  used  in  the  triangulation  is  of  a 
new  pattern,  embracing  a  number  of  improvements  demanded 
by  the  character  of  the  work.  So  far  as  possible  the  number 
of  parts  has  been  reduced  by  casting  in  a  single  piece  parts 
that  are  usually  combined  by  8crew&  In  this  manner  the  lia- 
bility to  derangement  incident  to  the  vicissitudes  of  mountain 
woTmi  is  greatly  reduced.    The  telescope  has  been  enlarged^  as 
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compared  witb  the  graduated  circle,  so  as  to  make  its  defining 
power  bear  a  greater  proportion  than  usual  to  the  refinement  of 
graduation.  The  object-glass  has  an  aperture  of  two  inches, 
and  a  focal  length  of  twenty.  The  horizontal  circle  is  ten 
inches  in  diameter,  and  reads  by  double  verniers  to  five  sec- 
onds of  arc.  The  vertical  circle  is  five  inches  in  diameter,  and 
reads  to  one  minute.  The  instrument  also  embraces  other 
improvements  desired  to  secure  greater  stability  with  ease  and 
rapidity  in  manipulation. 

Plane-Table. — ^In  the  topographic  work  the  gradientor  and 
sketch  book  have  been  supereeded  by  the  plane-table  and  the 
orograph.  The  plane-table  in  use  is  of  a  pattern  designed  by 
Professor  Thompson  especially  for  work  of  this  character. 
The  drawing  board  is  made  of  a  series  of  slats  firmlv  fixed  to 
canvas  in  such  manner  that  it  can  be  rolled  into  small  compass 
for  transportation,  but  when  unrolled  for  work  it  is  so  secured  by 
cross-pieces  and  screws,  that  great  stability  is  attained.  When 
in  use  it  is  fastened  to  the  platen  of  the  orograph.  The  posi- 
tion of  important  features  in  the  topography  is  fixed  witn  an 
alidade  by  the  usual  methods  of  intersection  and  resection. 
Details  are  placed  directly  upon  the  map  while  they  are  still 
under  the  eye  of  the  topographer,  and  much  of  the  labor  and 
uncertainty  of  description  by  notes  is  avoided,  and  the  experi- 
ence of  five  years  in  its  use  has  demonstrated  that  the  plane- 
table,  as  modified,  is  equally  well  adapted  to  r^ons  of  moun- 
tains, hills,  plains  or  plateaus.  The  sketches  produced  are 
actual  maps  and  not  mere  map  material.  They  need  only  to 
be  adjusted  in  conformity  with  the  triangulation,  and  but  slight 
adjustment  is  necessary.  And  it  has  been  further  demon- 
strated that  a  topographer  in  one  field-season  can  extend  his 
work  over  an  area  of  about  seven  thousand  square  miles,  and 
with  all  the  accuracy  necessary  for  the  scale  adopted  by  the 
Interior  Department  for  the  physical  atlas  of  the  Bocky  Moan- 
tain  region,  that  is,  a  scale  oi  four  miles  to  the  inch. 

Orograph. — The  orograph  is  an  instrument  new  to  topo- 
ffraphic  surveying,  adapted  to  the  requirements  of  this  work 
by  Professor  Thompson.  It  consists  essentially  of  a  telescope 
erected  above  a  platen  or  drawing-board,  on  which  the  move- 
ments of  its  optical  axis  are  recorded.  The  telescope  rotates 
about  a  vertical  and  about  a  horizontal  axis  similarly  to  the 
telescope  of  a  theodolite,  and  is  connected  by  simple  mechan- 
ism with  a  pencil  which  rests  on  a  sheet  of  paper  attached  to 
the  platen.  When  the  topographer  moves  the  telescope  so  as 
to  carry  its  optical  axis  over  the  profiles  of  the  landscape,  the 
pencil  traces  a  sketch  of  the  same.  This  sketch  being  mechan- 
ically produced,  is  susceptible  of  measurement,  and  is  a  definite 
and  authoritative  record  of  the  angular  relations  of  the  objects 
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sketched.  The  instrument  is  also  furnished  with  a  graduated 
circle  on  which  horizontal  angles  may  be  read  to  the  nearest 
half  minute,  and  this  circle  is  used  for  the  secondary  triangula- 
tion.  The  orograph  and  plane-table  are  used  conjointly,  and 
their  results  furnish  data  for  the  production  of  contour  map& 
It  is  believed  that  by  their  introouction  the  quality  of  topo- 
graphic work  has  been  much  improved,  without  addition  to  its 
oo0t  When  a  topographer  takes  the  field  with  these  two 
instruments  and  plane-table  sheets  on  which  the  primary  trian- 
gulation  has  been  previously  plotted,  he  returns  with  a  map  on 
which  all  of  the  geographic  features  to  be  delineated  have  Deen 
determined  by  their  angular  relations  and  the  scenic  character- 
istics necessary  to  give  proper  effect  to  the  maps,  have  been 
outlined  by  mstrumental  mean&  In  this  manner  the  subse- 
quent construction  of  maps  at  the  office  ready  for  the  engraver  is 
reduced  to  a  minimum  of  labor,  while  for  the  proper  accuracy 
the  topographer  is  not  necessitated  to  resort  to  his  memory  for 
the  appearance  of  the  landscape,  but  only  to  the  definite  record. 

Barometers, — The  instruments  used  in  the  hypsometric  work 
are  Green's  mercurial  mountain  barometers,  Green's  psychrom- 
eters  and  aneroid  barometers  of  the  usual  construction. 

Cartography. — Much  attention  has  been  given  to  this  subject 
for  the  purpose  of  determining  the  best  methods  of  represent- 
ing the  topography  of  the  region  surveyed,  taking  into  consid- 
eration the  character  of  the  country,  the  more  important  facts 
to  be  embodied,  and  the  scale  adopted  for  the  Physical  Atlas 
of  the  Interior  Department.  The  systems  of  cartography  in 
use  in  this  country  and  many  of  those  of  Europe  have  been 
examined  and  studied,  and  many  experiments  have  been  made 
in  the  office  for  the  purpose  of  determining  the  best  methods 
adapted  to  these  circumstances  and  conditions. 

For  the  Physical  Atlas  heretofore  mentioned,  it  is  proposed 
to  represent  the  topography  by  contour  lines  with  auxiliary 
hatchings  to  indicate  rock  surface,  and  shading  for  general 
reliefs,  these  so  applied  as  not  to  obscure  the  contours.  For 
special  purposes  hatched  maps  are  used,  for  others  contour 
maps,  and  for  purposes  relating  to  the  discussion  of  geological 
structure,  maps  are  made  by  photographing  or  lithographing 
models  or  relief  maps  in  plaster. 

Classification  of  Lands  by  Mr.  OiJberL — The  Survey  under 
the  direction  of  Professor  Powell  has  been  extended  over  the 
Dorthem  portion  of  Arizona  and  the  greater  part  of  Utah,  but 
a  broad  strip  along  the  northern  end  of  the  latter  Territory  was 
embraced  in  the  survey  made  by  Mr.  Clarence  King,  under  the 
War  Department  It  seemed  desirable,  however,  to  extend  the 
classification  of  lands  over  this  latier  region,  and  this  duty  was 

igned  to  Mr.  G.  K.  Gilbert 
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Mr.  Gilbert  took  the  field  at  Salt  Lake  City,  and  traversed 
all  of  the  Territory  lying  west,  north  and  northeast  of  that 

S)int,  a  tract  comprising  so  much  of  the  drainage  basin  of 
reat  Salt  Lake  as  lies  in  [Jtah.  In  this  area  is  incladed  the 
most  valuable  portion  of  the  Territory,  as  well  as  one  of  the 
most  sterile.  A  very  small  part  of  it  will  repay  cultivation 
without  irrigation,  but  this  is  exceptional,  ana  in  general  the 
possibility  of  agriculture  depends  upon  the  possibility  of  artifi- 
cial watering.  The  Bear  River,  tne  Weber,  and  the  Jordan 
carry  as  much  water  as  can  profitably  be  used  upon  all  the  lands 
to  which  it  is  practicable  to  convey  them  by  canals,  and  these 
lands  were  measured  in  order  to  determine  the  agricultural 
capacities  of  their  valleys.  The  smaller  streams,  on  the  con- 
trary, are  inadequate  to  serve  the  arable  lands  through  which 
they  severally  run,  and  their  agricultural  capacities  were  ascer- 
tained by  measuring  the  volume  of  each  stream.  East  of  Oreat 
Salt  Lake  are  great  mountain  ranges,  the  Wasatch  and  the 
Uinta,  and  large  streams  flow  from  their  melting  snows  all 
through  the  summer  season.  The  Bear,  the  Weber,  and  the 
Jordan  flow  to  the  lake,  and  the  three  rivers  can  be  made  to 
reclaim  800,000  acres  of  land  in  their  valleya  This  is  twelve 
and  one-half  per  cent  of  the  district  that  they  drain.  West  of 
the  lake  the  plains  are  interrupted  by  mountains  of  great  mag- 
nitude, the  snows  of  winter  are  dissipated  too  earljr  in  the  spring 
to  be  of  use  for  irrigation,  and  mucn  of  the  land  is  an  absolute 
desert  In  a  total  area  of  8,800,000  acres  only  21,000  acres  are 
of  value  for  farming— one-fourth  of  one  per  cent 

These  estimates  are  based  upon  the  experience  of  tiie  farm- 
ers of  the  district,  who  have  practiced  irrigation  for  thir^ 
years,  and  have  given  it  a  greater  development  than  can  be 
found  elsewhere  in  the  United  States.  They  have  now  under 
cultivation  a  third  part  of  the  irrigable  lands  of  the  Salt  Lake 
Basin,  and  are  utilizing  many  of  the  small  streams  to  the  fall 
extent  of  their  capacities.  A  careful  study  was  made  of  their 
operations,  for  the  purpose  of  learning  the  qaantitv  of  wattf 
necessary  to  redeem  a  given  quantity  of  land  unaer  varioos 
conditions  of  soil  and  climate,  and  the  resulting  determinations 
were  used  in  computing  the  areas  susceptible  of  irrigation  by 
the  streams  and  parts  of  streams  unusea.  The  greater  part  of 
the  future  extension  of  the  cultivated  areas  will  be  accom- 
plished only  by  expensive  engineering  works,  including  the 
damming  of  the  principal  rivers  and  the  construction  of  long 
canals.  Five  million  dollars  is  probably  a  moderate  estimate 
of  the  cost  of  redeeming  the  600,000  acres  that  are  susceptible 
of  reclamation,  and  the  reauisite  capital  will  have  to  be  eon- 
oentrated  upon  a  small  numoer  of  large  canals. 

Since  the  first  settlement  of  the  territory  in  the  year  1847 


J.  W^  Poweffs  Survey  of  (he  Rocky  Atouriiatn  Begifm.     349 

the  water  supply  has  increased.  It  is  reported  by  the  citizens 
that  each  stream  is  now  capable  of  irrigating  a  greater  area  of 
land  than  when  it  was  first  used.  Greeks  that  once  scan- 
tily watered  a  few  acres  of  ground  now  afford  an  ample  snpply 
for  double,  treble,  and  even  fifty  times  the  original  area.  This 
increase  has  been  accompanied  by  a  rise  of  Great  Salt  Lake, 
which  having  no  escape  for  its  water  except  by  evaporation 
has  stored  up  the  surplus  firom  the  streams. 

For  the  purpose  of  investigating  the  extent  and  the  cause  of 
the  increase  of  the  streams,  Mr.  Oilbert  made  a  study  of  the 
fluctuations  of  the  lake.  It  was  a  matter  of  common  report 
that  the  surface  of  the  water  had  been  subject  to  considerable 
changes  and  that  on  the  whole  it  had  greatly  risen  since  its 
shores  were  first  settled ;  but  previous  to  the  year  1876  no  sys- 
tematic record  of  its  movements  had  been  kept  In  that  vear 
a  series  of  observations  was  inaugurated  by  Dr.  John  R  Park 
of  Salt  Lake  City,  at  the  suggestion  and  request  of  the  Secre- 
tary of  the  Smithsonian  Institution.  A  small  pillar  of  granite, 
graduated  to  feet  and  inches,  was  erected  at  the  water's  edge 
near  a  rocky  islet  known  as  Black  Bock.  The  locality  was  then 
a  popular  pleasure  resort  and  the  record  was  undertaken  by 
Mr.  J.  T.  Mitchell  Observations  were  made  at  frequent  inter- 
vals for  more  than  a  year,  but  were  then  interrupted  by  reason 
of  the  disuse  of  the  locality  as  a  place  of  resort,  and  they  have 
not  since  been  resumed  in  a  systematic  way.  To  obviate  a 
similar  diflSculty  in  the  future,  Mr.  Gilbert  caused  a  new  record 
post  to  be  established  near  the  town  of  Farmington,  where  the 
work  of  observation  has  been  undertaken  by  Mr.  Jacob  Miller, 
and  it  is  anticipated  that  in  the  future  there  will  be  no  break  in 
the  continuity  of  the  record. 

In  the  interval  from  1847  to  1875,  during  which  no  direct 
observations  were  made,  there  was  nevertheless  a  considerable 
amount  of  indirect  observation  incidental  to  the  pursuits  of  the 
citizens.  The  islands  of  the  lake  were  used  for  pasturage, 
and  the  facilities  for  the  transfer  of  cattle  to  and  fro  were 
greatly  affected  by  the  fluctuations  of  the  water.  A  largo 
share  of  the  communication  was  by  boat,  and  the  frequent 
changes  of  landing  place  which  the  boatmen  were  compelled 
to  make  impressed  upon  their  memories  the  character  and  onler 
of  the  principal  oscillations.  In  pursuance  of  the  inquiries 
instituted  by  the  Secretary  of  the  Smithsonian  Institution,  the 
testimony  of  the  bontmen  was  compiled  by  Mr.  Jacob  Miller 
and  a  history  of  the  oscillations  was  deduced. 

A  similar  and  corroborative  history  has  been  derived  by  Mr. 
GKlbert  from  an  independent  investigation.  Two  of  the  islands 
used  for  pasturage  are  joined  to  tlie  main  land  by  broad,  flat 
bars,  and  during  the  lower  stages  of  the  lake  these  bars  being 
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either  dry  or  covered  by  a  moderate  depth  of  water,  have 
afforded  means  of  communicatioiL  It  happ^ia  that  the  Ante- 
lope Island  bar  was  in  oae  until  1865,  when  it  became  so  deeply 
covered  that  fording  on  horseback  was  impracticable ;  and  tnat 
the  Stansbory  Islan<i  bar  was  first  coverea  with  waler  in  186A, 
and  has  been  used  as  a  ford,  with  slight  exception,  ever  aince. 
By  the  compilation  of  the  testimony  of  those  who  have  made 
use  of  these  crossings,  a  continuous  record  was  derived,  which 
cannot  deviate  very  widely  from  the  truth,  and  the  work  was 
checked  by  making  careful  soundings  to  ascertain  the  present 
depth  of  water  on  the  Antelope  Island  bar. 

From  1847  to  1860  there  was  little  change  beside  the  annual 
tide  variation  dependent  upon  the  spring  floods,  and  which 
makes  the  summer  stage  in  each  year  from  one  to  two  feet 
higher  than  the  winter.  Then  the  water  b^an  to  rise  and  so 
continued  until  in  1856  and  1856  its  mean  stage  was  four  feet 
higher  than  in  1860.  This  progressive  rise  was  followed  by  a  pro- 
gressive fall  of  equal  amount,  and  in  1860  the  lake  had  returned 
to  its  first  observed  level  In  1862  there  began  a  second  rise 
which  continued  for  eight  years  and  carried  the  water  ten  feet 
above  the  original  level.  Since  1869  there  has  been  no  great 
change,  but  the  mean  height  has  fluctuated  through  a  range  of 
about  two  feet 

As  the  lake  has  risen  it  has  encroached  upon  the  land,  and 
the  shores  are  in  many  places  so  flat  that  large  areas  have  beeo 
submerged.  At  one  point  the  water  edge  has  advanced  fifteen 
miles,  and  the  surveys  of  Captain  Howard  Stansbury  and  Mr. 
Clarence  King  show  that  from  1850  to  1869  the  total  area  of 
the  water  surface  increased  from  1,750  to  2,166  square  miles,  or 
nearly  twenty-four  per  cent  By  this  expansion  the  surfooe 
for  evaporation  was  increased  so  that  the  lake  could  return  to 
the  atmosphere  the  surplus  thrown  into  it  by  the  augmented 
streama 

Whatever  land  is  at  any  time  flooded  by  the  lake  becomes 
saturated  with  salt,  and  if  the  water  afterward  retires,  remains 
barren  of  vegetation  for  many  years.  The  highest  level  reached 
by  the  water  in  storms  is  marked  by  a  line  of  driftwood  and 
other  debris.  Above  this  line  there  is  usually  a  growth  of 
grass  and  sage  brush,  but  below  it  nothing  grows.  Previous  to 
the  last  great  rise  of  the  lake,  the  storm  hue  was  six  feet  lower 
than  at  present,  and  the  intervening  belt  of  land  still  retains 
the  stumps  and  roots  of  bushes  that  have  been  killed  by  the 
advancing  brina  The  encroaching  water  overran  the  ancient 
storm  line  in  about  the  year  1866,  and  for  the  past  eleven 
years  it  has  covered  ground  which  had  been  exempt  from  incu^ 
sions  of  brine  for  a  time  sufficient  to  permit  the  rains  to  cleanse 
the  soil,  and  for  a  further  time  sufficient  to  produce  a  growth  of 
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sage  brash.     The  whole  period  is  as  likely  to  have  been  meas- 
ured by  centuries  as  by  aecades. 

Thus  it  appears  that  the  last  twelve  years  have  witnessed  an 
extension  ot  the  lake,  which  is  not  only  without  precedent  in 
the  experienee  of  the  citizens  of  Utah  but  is  clearly  an  anomaly 
in  the  nistory  of  the  laka  To  explain  it  and  to  explain  at  the  < 
same  time  the  increase  of  the  streams,  there  are  two  general 
theories  worthy  of  consideration. 

The  first  is  that  there  has  been  a  change  of  climate  in  Utah 
whereby  the  atmosphere  is  moister,  so  that  the  fall  of  rain  and 
snow  has  become  greater  and  the  rate  of  evaporation  has  be- 
come slower.  The  second  is  that  the  industries  of  the  white 
man,  which  have  been  steadily  grbwing  in  importance  for  the 
last  thirty  years,  have  so  modified  the  surface  of  the  land  that 
a  larger  share  of  the  snow  and  rain  finds  its  way  into  the 
water-courses  and  a  smaller  share  is  returned  to  the  air  by 
evaporation  from  the  ground.  The  latter  theory,  which  is  the 
one  proposed  by  Professor  Powell,  is  considered  by  Mr.  Gilbert 
the  more  probable,  and  he  finds  reason  to  believe  that  the  tax 
imposed  upon  the  streams  by  the  work  of  irrigation  is  more 
than  repaia  bv  the  effects  of  the  draining  of  marshes  and  the 
destruction  of  herbage  and  timber.  A  great  volume  of  water 
is  turned  upon  the  cultivated  fields,  ana  from  their  moist  sur- 
&oe8  is  absorbed  by  the  atmosphere  without  ever  reaching  the 
lake ;  but  on  the  other  hand  the  farmer  has  found  it  to  his 
advantage  to  drain  the  beaver  ponds  and  other  marshes  and 
thus  check  the  evaporation  from  their  surfaces,  and  the  streams 
which'  he  thereby  rescues  from  dissipation  are  used  in  irriga- 
tion for  a  few  months  only,  while  for  the  remainder  of  the  year 
they  pay  their  tribute  to  the  lake.  The  destruction  of  grasses 
by  herds  of  domestic  animals  and  the  cutting  of  trees  upon  the 
mountains  expose  the  ground  to  the  sun  and  facilitate  the 
melting  of  the  snow ;  the  removal  of  the  grass  opens  the  way 
also  to  a  freer  circulation  of  surface  waters,  so  that  the  rain 
and  melting  snows  are  gathered  more  quickly  and  thoroughly 
into  rills  and  streams ;  and  both  these  influences  increase  the 
inflow  of  the  lake. 

This  discussion  has  an  important  bearing  upon  the  agricul- 
ture of  the  arid  region,  for  if  the  theory  favored  by  these 
gentlemen  is  the  true  one,  the  work  of  irrigation  can  be  pushed 
forward  with  the  confident  assurance  that  the  supply  of  water 
is  more  likely  to  increase  than  diminish  in  the  future ;  and  it 
may  even  be  possible  when  the  subject  has  been  fully  devel- 
oped, to  devise  measures  which  shall  directly  promote  the 
increase. 

Qeologioal  work  by  Mr.  Gilbert — ^During  the  preceding  sum- 
mer Mr.  Gilbert  haa  discovered  a  peculiar  series  of  phenomena 
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produced  by  recent  orographic  displacements,  and  he  has  this 
year  found  opportunity  to  study  them  in  namerous  new  local* 
ities.  It  appears  that  the  system  of  faults  and  flexures — the 
system  of  upward  and  downward  movements— by  which  the 
mountain  ranges  and  the  valleys  of  Utah  and  ifevada  were 
produced  have  continued  down  to  the  present  time.  Evidence 
of  recent  movement  has  been  discovered  on  the  lines  of  many 
ancient  faults.  The  ancient  shore  line  of  Great  Salt  Lake 
which  is  exhibited  so  conspicuously  upon  the  surrounding 
mountain  slopes,  and  which  must  have  originally  been  level,  is 
no  longer  so,  but  has  been  shifted  up  and  down  by  the  dis* 
placement  of  the  mountains.  Its  present  altitude  above 
Great  Salt  Lake  was  determined  at  four  different  points  by 
spirit-level ;  and  the  determinations  were  found  to  range  from 
966  feet  to  1,069  feet  The  measurements  by  level  were  all 
made  in  the  immediate  vicinity  of  the  lake,  but  the  barometer 
indicates  that  at  points  more  remote  the  discrepancy  is  greater. 

These  observations  are  valuable  additions  to  our  evidence 
that  mountain-making  is  a  work  of  the  present  as  well  as  of  past 
ages,  and  that  the  grand  displacements  by  faults  and  folds  are 
caused  by  slow  intermittent  movements. 

Mr.  Gilbert  also  traced  and  mapped  the  northern  portion  of 
the  ancient  shore  line  of  the  Lake  from  Salt  Lake  City  to  Bed- 
ding Spring,  following  its  sinuous  course  for  900  miles  in  Utah, 
Idaho  and  Nevada,  and  demonstrating  that  the  ancient  outlet 
he  had  discovered  the  preceding  summer  at  Red  Rock  Pass  was 
the  only  one  hj  whicn  the  lake  had  ever  discharged  its  water 
to  the  Snake  River. 

During  the  winter  of  1876-77,  Mr.  Gilbert  prepared  his  Re- 
port on  the  Geology  of  the  Henry  Mountains,  and  the  mana- 
script  was  sent  to  the  printer. 

The  Henry  Mountains  constitute  a  small  group  in  South- 
eastern Utah  and  stand  quite  by  themselves.  They  are  of 
a  peculiar  character  and  represent  a  type  of  structure  that  has 
never  before  been  fully  described.  Mr.  Gilbert's  report  is  a 
monograph  at  once  of  the  mountain  group  and  of  the  type 
of  mountain  structure.  The  mountains  are  of  igneous  origin, 
but  the  rising  lavas,  instead  of  outpouring  at  the  suribce  of 
the  earth,  in  the  usual  way,  failed  to  penetrate  the  upper 
portions  of  the  crust  and  formed  subterranean  lakes  or  chambers. 
The  strata  lying  above  the  lava  lakes  were  upbent  in  the  form 
of  great  bubbles,  and  from  these  bubbles  of  sandstone  and  shale 
with  their  cores  of  trap,  the  erosive  agents  of  the  air  have 
carved  the  mountains.  The  mountain  structure  is  thus  twofold, 
comprising  first  volcanic  upheaval,  and  second  atmospheric  and 
aqueous  degradation.  To  aid  in  the  discussion  of  the  first  ele- 
ment of  structure,  Mr.  Gilbert  constructed  a  stereogram  of  the 
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district  in  plaster,  exhibiting  the  forms  due  to  upheaval  as  they 
would  appear  if  unmodified  by  degradation.  He  prepared  also 
a  topographic  model,  exhibiting  the  same  forms  as  actually 
modifiM ;  and  the  two  models  will  be  reproduced  by  photo- 
graphy to  Ulustrate  the  report  The  treatment  of  the  second 
element  of  structure  is  of  a  thorough  character  and  includes  a 
discussion  of  the  general  principles  which  control  the  sculpture 
of  the  land  sur&ces  of  the  earth  by  rains  and  rivers.  The  vol- 
ume is  ready  for  the  binder. 

Geologieal  toork  by  Oaptain  DuUon. — Captain  Button  resumed 
his  exploration  of  the  same  field  which  be  has  been  studying 
for  three  years,  having  recognized  in  it  a  certain  unitv  which 
renders  it  eminently  adapted  to  an  important  monograph.  The 
region  explored  bv  him  is  centrally  situated  in  the  territory  of 
Utah,  extending  nt)m  Nebo  in  the  Wasatch  nearly  southward 
a  distance  of  about  180  miles  and  having  a  maximum  breadth 
of  about  60  miles.  It  possesses  certain  features  which  serve  to 
distinguish  it  both  topographically  and  geologically,  and  he 

{proposes  to  call  it  the  District  of  the  High  Plateaus  of  Utah, 
t  consists  of  a  group  of  uplifts  now  standing  at  altitudes  be- 
tween 9,000  and  11,600  feet  above  sea-level,  while  the  general 
platform  of  the  country  is  from  6,000  to  7,000  feet  high.  The 
plateaus  have  been  carved  out  of  this  platform  by  great  faults, 
and  the  general  structure  corresponds  closely  to  that  described 
by  Professor  Powell  under  the  name  of  the  Eaibab  structure 
and  illustrated  by  him  in  his  section  of  the  region  traversed  by 
the  Grand  Oafion  of  the  Colorado.  The  relations  of  this  belt 
of  high  plateaus  to  the  regions  adjoining  are  of  special  interest. 
At  the  close  of  the  Cretaceous,  the  country  lying  to  the  east- 
ward of  it  passed  by  gradation  from  an  oceanic  to  a  lacustrine 
condition,  the  intermediate  stage  presenting  doubtless  a  strict 
analogy  to  the  condition  of  the  Baltic.  This  Eocene  lake  area 
now  constitutes  the  southern  part  of  the  drainage  system  of  the 
Colorado  River.  During  Cretaceous  and  Eocene  time  the  area 
now  occupied  by  the  Great  Basin  was  dry  land,  and  its  denuda- 
tion must  have  furnished  a  lai^e  part  of  the  sediments  which 
were  spread  over  the  bottom  of  the  great  lake.  The  movements, 
which  took  place  during  the  Eocene,  at  last  resulted  in  the 
desiccation  oi  the  lake,  and  though  a  strict  chronological  correla- 
tion to  European  and  other  divisions  of  time  cannot  be  made 
with  certainty,  it  may  be  provisionally  inferred  that  this  desicca- 
tion was  completed  before  the  commencement  of  the  Miocena 
It  was  brougnt  about  by  the  more  rapid  uplifting  of  the  lake 
area  than  that  of  the  Great  Basin  until  at  last  the  former  area 
became  the  loftier  of  the  two,  thus  reversing  their  relative  alti- 
tudes. The  lake  area  is  now  a  portion  of  the  so-called  Plateau 
Country  and  since  the  commencement  of  the  Miocene  (para-Mio- 
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cene)  has  been  sabject  to  a  great  and  continaoaa  erosion.  The 
district  of  the  High  Plateaus  occapies  a  portion  of  a  narrow 
belt  separating  the  Plateau  Gonntiy  from  the  Basin  Province 
and  therefore  stands  npon  the  loeas  of  the  ancient  shore  line 
which  in  the  lacnstrine  stage  bounded  the  two  areas.  To  that 
shore  line  they  stand  in  an  intimate  and  remarkable  relation. 
To  its  trend  the  great  displacements  maintain  not  merely  gen- 
eral parallelism  but  an  approximation  to  strict  parallelism  both 
in  totality  and  in  detail  wnich  would  not  have  oeen  anticipated 
and  which  cannot  be  purely  accidental,  and  seems  to  point  to 
some  definite  determinative  association  between  the  littoral 
deposits  and  the  great  lines  of  displacement  The  great  struct- 
ural features  are  these  faults  and  their  equivalent  monoclinal 
flexure&  They  are  remarkably  persistent,  extending  in  parallel 
courses  throughout  the  entire  length  of  the  r^on  surveyed. 
One  of  them,  the  great  Sevier  fault,  becoming  here  and  there  a 
monoclinal  flexure,  has  been  traced  continuously  over  a  length 
of  240  miles,  and  others  of  nearly  equal  persistence  have  b^ 
noted.  The  High  Plateaus  belong  to  the  Plateau  Country,  for 
notwithstanding  the  great  amount  of  dynamical  energy  dis- 
played in  their  uplifting  they  preserve  in  a  remarkable  manner 
the  plateau  type  of  structure,  which  is  distinguished  sharply 
from  the  arched,  flexed  and  tilted  types  prevailing  in  otner 
disturbed  localities.  There  is  an  abrupt  transition  from  this 
plateau  structure  to  that  found  in  the  adjoining  Basin.  There 
are  some  localities  where  one  may  hurl  a  stone  from  one  prov- 
ince to  the  other,  and  in  general  it  may  be  said  that  the  dividing 
line  must  pass  within  a  single  range  or  table.  The  Plateau 
Province  seems  to  stand  here  in  strict  correlation  to  the  Tertiary 
beds;  where  the  tertiaries  end  there  also  end  the  plateaus. 
The  relation  between  the  Tertiary  and  Cretaceous  throughout 
this  belt  is  one  of  general  unconformity ;  in  many  places  where 
the  contacts  are  seen  the  Tertiary  is  revealed  lymg  across  the 
upturned  and  eroded  edges  of  the  Cretaceous,  showing  clearly 
a  break  between  those  portions  of  the  two  series  which  are  here 
preserved. 

But  of  all  the  features  displayed  by  the  Hi^h  Plateaus  the 
most  remarkable  are  the  manifestations  of  former  volcanic 
activity.  Both  in  area  and  thickness  the  volcanic  emanations 
are  very  extensive.  They  cover  more  than  6,000  square  miles, 
and  sections  of  4,000  to  6,000  feet  are  presented  without  reveal- 
ing the  lowest  beds.  The  greater  part  of  the  eruptions  took 
f^lace  after  the  lake  basin  had  been  arained  or  had  shrunken  to 
imits  outside  of  the  district,  for  sedimentary  beds  have  not  been 
found  intercalated  between  the  various  flows  but  always  under- 
lie them.  It  is  therefore  impossible  to  fix  with  great  precision 
the  commencement  of  the  outbreaks,  but  the  general  indications 
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are,  that  they  began  very  soon  after  the  close  of  the  lacastrine 
period,  and  they  may  have  commenced  still  earlier.  The  erap- 
tive  epoch  was  undoubtedly  a  lon^  ona  The  individual  flows 
are  very  numerous  and  represent  all  the  great  groups  of  eruptive 
rocks.  In  many  cases  the  quantity  of  material  extravasated  is 
so  great  that  the  eruptions  may  well  be  called  massive,  not 
however  of  such  marvellous  extent  as  asserted  to  have  been 
poured  forth  from  fissures  during  the  Basaltic  period  in  Or^on 
and  Northern  California;  but  there  are  many  mdividual  sheets 
which  surpass  in  magnitude  any  which  is  known  to  have  ema- 
nated during  recent  or  modem  times  from  any  existing  volcanic 
vent  at  a  single  eruption.  From  what  openings  these  masses 
were  extravasated  it  is  usually  difficult  to  fix  with  certainty 
and  precision,  so  vast  are  the  accumulations  and  so  expansive 
are  the  sheets,  and  at  the  same  time  so  nnmeroas  that  whereso- 
ever they  were  emitted  the  earlier  vents  must  have  been  buried 
by  later  deluges  of  lava,  and  even  the  more  recent  vents,  except 
in  the  case  of  the  latest  basalts,  have  been  swept  away  by  slow 
erosions  in  the  long  period  which  has  elapsed  since  their  activity 
was  extinguished.  There  are,  however,  still  remaining,  distinct 
traces  of  localization  of  eruptive  activity  in  the  form  of  greater 
aocumulations,  at  some  points,  irom  which  in  most  directions 
the  total  thickness  of  the  volcanic  series  appears  to  attenuate. 
Moreover  in  those  central  localities  of  maximum  accumulations 
there  appears  to  be  a  lai^  amount  of  what  might  be  called  in 
a  certain  sense  unconformity  of  the  various  eruptions,  and 
greater  irremlarities  in  their  bedding  as  compared  with  the 
more  even  layers  and  more  r^ular  distribution  of  the  sheets 
more  remote  from  these  centei-s.  This  fact  appears  to  be  of 
general  application  also  to  existing  volcanic  regions  of  great 
extent.  Captain  Dutton  has  succeened  in  locating  at  least  five 
areas  from  which  the  various  overflows  appear  to  have  emanated, 
and  believes  that  further  research  might  result  in  the  determina- 
tion of  many  othera 

At  the  time  these  eruptions  were  in  progress  it  is  probable 
that  the  country  was  not  an  elevated  one  as  at  present,  though 
it  might  have  been  a  rising  area.  Thegreat  displacements  con- 
sisting of  immense  faults  of  extraordinary  length  and  persist- 
ency took  place  after  the  close  or  during  the  decadence  of  the 
principal  eruptions,  and  it  was  at  this  latter  epoch  that  the 
greater  part  of  the  general  elevation  of  this  portion  of  the  Pla- 
teau Province  occurred.  During  its  progress  many  eruptions 
must  have  taken  place,  and  their  later  age  is  readily  identifia- 
ble, but  none  of  them  were  comparable  in  extent  and  in  the 
volume  of  ejected  materials  with  older  eruptions  prior  to  the 

treat  displacementa     Although  it  is  ordinarily  not  difficult  to 
etermine  whether  a  particular  event  preceaed  or  followed 
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some  other  erent  within  the  locality,  there  seems  to  be  no  waj 
of  oorrebiting  these  different  events  strictly  with  the  epocb 
which  are  designated  by  the  sedimentary  fonnations  of  the 
adjoining  country,  and  it  is  therefore  impuflsible  to  determine 
the  exact  period  in  the  chronological  scale,  at  which  the  bolt- 
ing took  place,  farther  than  the  net  that  it  most  have  oecnned 
lon^  enough  after  the  close  of  the  Eocene  to  allow  for  the  acca- 
mnktion  of  these  vast  bodies  of  volcanic  beds.  This  may 
carry  the  period  of  faaltii^  far  into  the  Miocene  period,  or  pos- 
sibly as  fiir  as  the  conmiencement  of  the  Pliocene.  Bot  while 
the  first  stage  in  the  activity  of  these  ancient  volcanoes  was 
undoubtedly  the  greatest  and  accompanied  by  an  incomparably 
greater  amount  of  extravasation,  it  by  no  means  constitutes  the 
tiie  whole  of  it  Even  after  the  great  displacements  and  after 
the  principal  topographic  features  of  the  country  depending  upon 
structure  as  thnr  now  exist  had  received  their  shape,  minor  erup- 
tions continued.  They  present,  however,  a  somewhat  remarx- 
able  fact  The  later  eruptions  djd  not  take  place  from  the  same 
centers  as  the  earlier  ones,  but  show  a  tendencv  to  recede  from 
them  and  to  occur  around  the  borders  of  the  oid^  volcanic  dis- 
trict The  central  portions  of  the  volcanic  area  are  unquestion- 
ably the  oldest,  while  the  younger  ones  are  found  around  their 
borders  and  sometimes  at  considerable  distances. 

One  point  which  durii^  the  study  of  this  region  has  enga^ 
the  careful  attention  of  Captain  Dutton,  has  been  to  ascertain 
whether  it  presents  any  such  sequence  in  the  lithological  char- 
acter of  the  eruptions  as  is  asserted  by  Baron  Bichthofen  to 
prevail  in  the  volcanic  districts  of  Europe,  South  America, 
Asia  Minor,  and  the  Sierra  Nevada.  This  asserted  sequence 
has  engaged  the  profound  attention  of  most  vulcanologists  and 
is  of  great  importance  in  relation  to  all  questions  bearing  upon 
the  origin  ana  causes  of  volcanic  action.  Although  at  nrst  dis- 
posed  to  doubt  the  prevalence  of  this  sequence,  and  not  fi&vor 
ably  impressed  with  the  speculations  and  theoretical  views  of 
Baron  Kichthofen,  Captain  Dutton  has  reached  the  condusion 
that  the  high  plateaus  of  Utah  exhibit  in  a  decided  manner 
essentially  the  same  seouence  which  Bichthofen  claims  for 
other  volcanic  regions.  The  earliest  eruptions  consist  of  rocks 
agreeing  well  in  lithological  characteristics  with  those  described 
by  Bichthofen  under  the  name  of  propylite.  This  rock  is 
usually  concealed,  if  it  exists  in  any  great  quantities,  by  the 
later  flows,  but  is  in  several  places  brought  to  light  partly  by 
the  great  displacements  and  partly  through  the  agency  of  ero- 
sion, and  wherever  found  it  is  seen  to  occupy  the  lowest  posi- 
tion of  all.  It  is  also  worthy  of  note  that  this  rock  is  found  at 
those  points  which  constitute  the  centers  of  eruption  before 
referred  to,  showing  that  the  activity  which  it  ushered  in  con- 
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tinued  to  have  its  seat  through  a  long  cycle  in  and  about  the 
same  locality.  The  prop^lite  is  succeeded  by  a  rock  answerinjg 
to  Bichtho^n's  description  of  hornblende  andesite,  which  is 
osoally  overlaid  by  a  rock  rich  in  augite  with  triclinic  feldspar, 
which  may  be  termed  augitic  andesite.  Still  higher  in  the 
series  are  found  immense  masses  of  trachyte  which,  however, 
is  frequently  intercalated  with  dolerite.  The  variety  of  the 
trachytes  is  very  ^reat — so  great  indeed  that  were  it  not  for 
the  persistence  of  certain  mineralogical  as  well  as  textural 
characteristics,  which  are  universally  accepted  as  being  dis* 
iinctive  of  that  group  of  rocks,  one  might  feel  strongly 
tempted  to  make  numerous  subdivisions  of  them.  The  ex- 
tremes of  the  varieties  of  the  trachytes  might  be  represented 
at  one  end  by  a  coarsely  granular  micaceous  rock  composed 
chieflj  of  orthodase,  sometimes  hornblendic  and  sometimes 
augitic;  at  the  end  is  a  highly  porphyritic  trachyte,  consist- 
ing of  well-developed  orthoclase  felaspar  imbedded  in  a  tine 
paste  highly  charged  with  peroxide  of  iron.  Between  these 
masses  of  trachyte  are  intercalated,  though  in  subordinate  q^uan*- 
tities,  beds  of  dolerite,  showing  distinct  crystals  of  striated 
feldspar,  with  great  abundance  of  augite  and  magnetite.  In 
the  earlier  and  grander  periods  of  the  eruptions  the  followinff 
sequences  may  therefore  be  recognized :  first,  propylite;  seconc^ 
anciesite ;  ana  third,  interblended  trachyte  and  dolerite.  Still 
later  than  these  and  occurring  at  new  centers  of  eruption  were 
outpours  of  rhyolite,  while  last  of  all  were  erupted  around  the 
outskirts  of  the  district  great  Quantities  of  true  basalt  There 
does  not  appear  to  be  any  single  locality  where  all  the  groups 
of  rocks  are  found  superposed.;  nevertheless  the  relative  ages 
do  not  admit  of  any  doubt,  whether  the  beds  are  superposed  or 
not ;  but  while  furnishing  a  general  verification  of  the  sequence, 
the  district  of  the  High  Plateaus  presents  the  fact  with  certain 
modifications  which  may  be  set  forth  in  the  following  manner. 
In  the  lithological  scale,  propylite  and  hornblendic  andesite  are 
very  nearly  intermediate  between  the  extremes  of  acid  rocks 
represented  by  rhyolite,  and  basic  rocks  represented  by  basalt 
Taking  propylite  as  a  starting  point  in  the  scale  of  classifica- 
tion, we  find  two  divergent  senes  proceeding  on  the  one  hand 
toward  the  acid  end  of  the  scale,  and  on  the  other  toward  the 
basic  end.  As  we  follow  the  eruptions  down  into  the  later 
epochs  we  find  that  both  series  are  represented  in  a  certain 
sense  independently  of  each  other,  so  that  they  intercalate ; 
the  acid  becoming  at  one  end  more  acid  with  tne  progress  of 
the  volcanic  cycle,  and  the  basic  rocks  becoming  more  basic. 
Each  series  seems  to  pursue  its  own  order  and  to  be  subject  to 
its  own  law,  so  that  being  originally  divergent,  they  become 
more  and  more  widely  separated  in  their  lithological  charac- 
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ters,  ae  the  cycle  proceeds.  Thus  at  the  commencement  of  the 
activity  we  have  propylite  and  hornblendic  andesite,  which  are 
vdosely  assimilatea  to  each  other  in  their  physical  characteris- 
tics ;  at  the  middle  stage  we  have  trachytes  and  moderately 
basic  dolerites,  which  are  moderately  separated,  and  at  the  close 
we  have  rhyolites  and  basalts,  which  stand  at  the  opposite  ends 
of  the  scala 

Plan  of  Publication, — In  the  geological  branch  of  the  work, 
the  plan  has  been  adopted,  as  far  as  possible,  of  publishing 
monographs,  each  embracing  all  the  studies  made  by  the  corps 
of  any  particular  region  to  which  it  relates,  preferring  this  to  a 
system  of  annual  reports  consisting  of  rSsunUa  of  the  field 
notes  of  each  season.  In  the  preparation  of  these  monographs, 
relief  maps  or  plates  are  constructed  on  a  scale  of  two  miles  to 
the  inch  or  la^er,  vertical  and  horizontal  scales  being  equal, 
and  to  correspond  with  each  relief  map  a  stereogram  in  plaster 
18  constructea  on  the  same  scale,  designed  to  exhibit  such  sur- 
face as  would  appear  had  there  been  no  degradation  by  atmos- 
pheric agencies,  but  displacement  can  be  studied  independently 
of  the  phenomena  of  degradation,  with  which  in  nature  they 
are  always  associated,  and  by  which  they  are  more  or  less 
obscured. ;  and  a  comparison  of  the  stereogram  with  the  relief 
map  gives  approximate  quantitative  results  of  d^radation; 
that  is,  the  two  factors  of  mountain  structure,  elevation  by  dis- 
placement and  degradation  by  rains  and  rivers  are  separated, 
that  each  may  be  considered  independent  of  the  com^cating 
conditions  of  the  other. 

Geological  lUuatration. — Much  attention  has  been  paid  to  the 
graphic  representation  of  the  important  features  of  geolc^cal 
structure  The  Bocky  Mountain  region  has  proved  to  be  one 
of  great  interest  in  this  branch  of  investigation,  because  of  the 
peculiar  features  of  its  physical  geography.  Lon^  and  tower- 
ing escarpments  are  found,  deep  ca&ons  with  precipitous  walls 
are  numerous,  its  hills  and  mountains  are  often  without  soil 
and  v^etation,  accumulations  of  sub-flsrial  or  glacial  drift  are 
infrequent,  and  thus  the  ^neral  rock-structure  is  well  revealed. 
Several  new  methods  of  illustration  have  been  devised,  some 
of  which  have  already  appeared  in  the  publications  of  the 
Survey. 

[To  be  oontinued.] 
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Akt.  LL — Just  Intonation  in  Music.  Its  Notation  and  Instru- 
ments; by  Hbnbt  Ward  Poolk,  M.A.,  of  South  Daavers, 
Massachusetts;  and  Professor  in  the  National  College  of 
Mexica 

It  is  evident  that  there  is  a  general  want  of  intelligence  con- 
cerning the  fundamental  laws  of  Musical  Intonation,  me  consti- 
tution of  the  so-called  scale  and  the  means  of  attaining  prac- 
tically just  melodies  and  harmonies.  There  is  doubt  stfll  even 
among  those  most  eminent  in  acoustics  as  to  whether  the  septimal 
ratios  are  admissible  in  practica  Others  who  would  be  glad  to 
have  it  used,  are  doubtful  whether  the  nice  distinctions  of 
comma,  etc.,  can  be  recognized  and  sung.  Without  reference  to 
previous  times,  I  can  oeclare  from  abundant  personal  knowl- 
edge, and  actual  demonstration,  that  the  chora  of  the  seventh 
is  most  agreeable  and  easy  to  give  with  the  just  ratio  of  4 : 7, 
and  that  there  is  no  practical  difficulty  in  singing  in  just  in- 
tervals. There  appears  to  be  a  general  desire  expressed  for 
such  perfect  intonation,  and  in  consequence  the  following  obser- 
vations may  be  interesting. 

However  comolicated  this  subject  may  appear  when  studied 
in  books  which  ao  not  have  any  primary  definitions  or  canons, 
it  can  be  made  as  clear  and  orderly  as  naturally  it  would  be 
supposed,  in  view  of  the  fact  that  music  is  based  upon  th(3 
matnematics. 

Classification  of  Musical  Tones  into  three  Principal  Orders, — 
Admitting  into  music  only  the  prime  numbers  2,  8,  6,  7,  and 
considering  the  2  as  auxiliary,  forming  octaves,  and  inversions, 
but  not  producing  new  or  original  harmonies,  there  remain  three 
others,  which  give  the  Fi/Sij  2:8,  the  Third  (major  always, 
unless  otherwise  expressed),  4 : 5,  and  the  Seventh  (Perfect  or 
Harmonic),  4:7.  A  series  (each  a  fifth  from  the  next,)  is 
formed  of  each  of  these  kinds,  and  we  have  three  Prime  Series. 
A  due  mixture  of  the  notes  of  each  is  necessary  for  harmony. 
Usinff  the  letters,  C,  D,  B,  etc.,  we  may  express  the  series  to 
which  each  belongs  in  various  ways.  In  common  notation  it 
is  known  to  the  intelligent  singer  or  violinist  by  his  perceiving 
the  relation  of  each  note  in  the  scale.  All  the  strings  of  the 
violin,  violincello,  etc,  are  tuned  to  the  First  series,  that  of 
Fiftha  The  open  strings  of  the  violin  sound  justly  only  in  the 
key  of  D.  In  G  they  are  equally  true  except  the  highest,  which 
is  a  comma  too  high  for  the  third  of  C,  which  is  in  tune  with 
the  open  G.  In  other  words,  there  are  two  tones  with  the  same 
nameL  We  have  distinguished  these  b^  E,  the  higher,  and  e, 
the  lower.  For  greater  clearness  in  writing  down  thesode,  and 
in  its  analysis  and  vocal  practice  we  will  color  the  E,  and  all  of 
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the  First  series  with  Bed:  giving  to  the  e,  and  all  of  the  Second 
series,  the  Yellow,  which,  to  show  well  by  artificial  li^ht  will 
be  well  done  by  ^old.  In  like  manner,  the  Third  series,  that 
of  the  Sevenths,  indicated  by  a  gothic  letter,  will  be  colored 
Blue,*  Nothing  remains  but  to  call  the  tones  by  distinctive 
names.  The  syllables  of  Guido  answered  this  purpose  when 
there  was  no  "modulation  within  the  key,"  and  no  account 
made  of  Perfect  seventha  To  the  modem  syllables  belong  two, 
which  were  not  in  the  original  in  the  "CTif  queant  laxis;^^  to  wit, 
the  '*  Do,"  and  the  "  Si."  Keeping  the  Do  as  it  is,  and  changing 
the  initial  letter  of  the  si,  so  as  not  to  confuse  it  hereafter  with 
that  of  sol,  we  may  find  a  common  ending  to  all  the  notes  of  the 
first  series,  or  that  of  the  Fifths.  These  are  the  Ist,  2d,  4th  and 
6th.  Preserving  the  1st  and  5th  as  they  are,  but  rejecting  the 
final  letter  of  the  sol,  and  making  the  rest  conform,  we  shall  have 
Do,  Ro,  Fo  and  So.  Their  class  is  known  by  the  termination  ; 
the  place  of  each  in  the  scale  by  the  initial  consonant.  For  the 
second  class,  that  of  the  Thirds,  mi,  la,  si,  we  preserve  also  the 
present  termination  of  the  majority,  and  have  mi,  li,  and  zi. 
For  the  Perfect  sevenths  or  Third  series,  which  are  generally 
sounded  by  the  termination  of  e  (Italian),  we  preserve  the  same, 
and  zi  flat  is  Ze.  And  the  dominant  seventh,  lower  than  Fn, 
will  be  Fo.  There  are  two  different  Diatonic  Scales  according 
as  the  Seventh  4 : 7,  is  introduced  or  not ;  they  will  be  expressed 
in  reference  to  their  syllables  for  singing,  their  letters,  colors, 
relative  vibrations  and  intervals,  as  follows ; 

Tbiflb  DiATono  Scalb. 

Ootmnon  Ohords  on  0,  G-  and  F. 
DoBomiFoSoliiiDo 
tn  key  of  0,  C  D  e  F  G  a  b         C 

Colon,  Red        Red     YeUow    Red        Red    YeUow  Yellow  Bed 

Relative  VibratioDS,    48  M  60  64  72        80  90        96 

Intervals,  8:9       9:10      16:16      8:9      9:10    8:9      15:16 

DOTTBLB  Diatonic  Soalb. 

Ck>nimon  Chord  on  0 ;  Chord  of  Seventh  (and  9th)  on  Q-. 

Fo         8o         li        Ze        Do        Ro         mi        Fo 
Ke/ of  0  (Tonic  FX     F  GaB^O  D  eF 

Colors,  Red       Red    Yellow    Blue     Red       Red    YeDow     Red 

Relative  Yibrations,     32  36         40  42        48  54  60        64 

or  48  54         60  63         72  81  90        96 

Intervals,  8:9      9:10    20:21      7:8      8:9       9:10     15:16 

*  I  had  selected  f6r  the  three  Prime  Chords,  the  colors  generally  oonRidered  as 
Prime ;  applying  to  the  Green,  which  has  optical  claims  against  the  Ydlow,  the 
test  of  the  proportional  rate  of  vibration,  I  find  that  the  Cfreen  really  corrtqtcmds, 
as  nearly  as  could  be  expected  in  such  a  determination,  with  the  Prime  Chord  (^ 
the  Third.  The  Red,  Yellow,  Green,  and  Blue  being  as  Do,  Ro.  mi  and  We  (the 
dominant  7th),  or  as  the  numbers  of  the  Double  Diatonic  Scale  32,  36,  40.  42, 
the  Violet  approximating  to  the  So  or  5th.  The  Yellow  in  all  the  taUea  coom 
very  near  to  Red  as  9 : 8.  The  Orange  does  not  appear  to  have  any  comapondenoe 
in  the  acoustic  scale. 
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The  Doable  Diatonic  Scale  has  two  notes  differing  from  two 
of  the  triple  scale  on  the  same  tonic — which  is  F;  although  its 
tones  are  all  in  the  key  or  scale  of  C,  beine  identical  with  the 
Triple  Diatonic  of  C,  with  the  exception  of  the  change  of  b  into 
B^  But  its  ending  and  tonic  is  F.  Having  thus  provided  for 
the  notation  and  distinction  of  these  different  series  of  Primary 
Tones,  and  using  the  colors,  we  shall  find  on  trial  by  the  ear, 
or  by  examination  of  the  music  in  use,  especially  when  written 
as  here  indicated,  that  at  least  two  different  series  (or  colors) 
most  appear  in  every  chord,  or  it  is  wanting  in  richness  or 
effective  ring.  Especially  in  duets  is  this  observed ;  the  two 
voices  are  constantly  giving  pairs  of  different  colors.  The 
duplicates  or  notes  oi  the  remaming  aeries — there  being  three — 
are  given  by  the  accompaniment,  ifthere  be  any.  Two  hunting 
horns  having  to  limit  themselves  to  what  mieht  be  called  a 
^'  Single  Diatonic  Scale  "  (as  having  but  one  chord,  say  of  C, 
with  seventh,  ninth,  eta,)  and  making  their  own  fundamental 
harmony,  cannot  comply  fully  with  this  rule;  they  give  at 
times  fifths,  (both  red)  without  any  third.  The  necessity  of 
pure  elements  in  these  nice  combinations  is  soon  perceived. 

For  an  example  in  point  we  may  take  the  triple  (or  common) 
diatonic  scale,  giving  to  one  voice  this  scale  and  to  another  the 
accompaniment;  noticing  by  the  difference  of  type  that  each 
pair  is  of  different  series.  Note, — ^The  2d  and  4th  can  never 
accord  (D,  F,  27 :  82).  Bule.  — Tones  a  third  apart — two  degrees 
— must  be  of  different  series.  (Sixths,  bein^  only  an  inversion 
of  thirds,  are  subject  to  the  same  law.)  Note. — D,  F,  are  har- 
monious, 6 : 7,  and  d,  F,  5:8,  are  also  good :  the  d  is  the 
''grave  second"  of  the  old  tiieorists,  and  is  the  sixth  of  the 
&^e  of  F,  and  occurs  in  the  natural  key  in  cadences  and 
"  modulations  within  the  key.** 

Scale  of  Ct  hamnonimd, 

ODeFGabO  Ob»aVeDO 

unison  bOaeFGe  eGFedOb  unison 

In  descending,  the  F  is  accompanied  by  this  grave  d  with  nat- 
ural and  easy  effect  As  this  momentary  inclination  to  the 
snbdominant  chords  is  made,  so  the  double  diatonic  enters, 
and  instead  of  F,  0,  e,  at  close  of  the  ascending  scale,  we  could 
have  F,  F,  e — by  svllables,  Fo,  Fo,  mi.  But  never  will  be 
seen  a  chord  of  the  Third  (or  Sixth)  from  the  same  series. 

The  instruments  of  just  intonation  are  those  of  free  tones, 
as  the  voice,  the  violin  class,  and  the  trombones,  etc,  and  those 
of  fixed  tones,  as  the  organ  and  other  instruments  to  be 
described. 

Uie  Enharmonic  Keyboard  for  organs,  etc.,  described  in  this 
Journal  in  Julv,  1867,  while  preserving  its  essential  principles, 
is  capable  of  being  varied  to  embrace  more  or  less  series  of 
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tonnds,  and  to  give  to  each  ttie  prominence  desired.  I  shall 
deacribe  one  which  embraces  the  three  Beries  of  Prime  chords, 
and,  io  addition,  a  Fonrtfa,  of  the  lec^ng  notet  to  the  Tfttnir  of 
Series  II,  which  are  osed  in  ornamental  passages  and  the 
"minor  mode."  The  plan  is  formed  hj  diriding  ti»e  octave — 
6^  inches — into  24  equal  parts ;  the  distance  of  ninft-tentfas  of 
an  inch  bang  laid  oS* from  front  to  back,  14  times,  will  provide 
£»  the  tones  from  C  flat  to  F  sharp.  All  the  divisioos  for  the 
digitals  will  fall  npon  these  lines,  and  will  be  anderstood  bj 
reference  to  the  diagnun,  the  matnaJ  rdati<Hi  being  the  same  in 


DiiOBAK. — Simply  to  ihow  the  rdotfw  poHUcn  of  the  Digitals  ot  the  Eov 
SeriM ;  tliab  exact  sices  being  ■■  tollowi : 

a  =  6-S  InehM!  +  24  (=  0-31).    b  =  0-9. 
■oriM.  width.  iMwtb. 

L  (0,  D)  4a  (Mtd  3a)        4t 

n.  k  d,  e)  3a  U 

m.  {0',  E")  Ja  li 

IT.(  dif,  diff,  la  » 

all  parts  of  the  boards.  The  digitals  of  each  signature  are  ele- 
vated one-tenth  of  an  inch  as  thev  go  backwam.  The  base  of 
the  digital  C,  with  its  Sd,  e,  and  </jf,  (leading  note  to  e,)  and  its 
aevenu  B*  are  x\  of  an  inch  higher  than  F,  a,  jrif  and  ■  *,  and 
'       "  ■       '"     The  white  kejs 


tiie  same  distance  lowet  iVi&ii  ^i^^  ^^  v-^d  F. 


H,  Ward  Poole  on  Just  Intonation  i%  Music.  868 

of  Series  I  being  at  this  level,  the  black  keys  rise  0*46 ;  the 
orauge  kejs,  (Series  lY,)  are  0*75 ;  and  the  blae  keys  of  Series 
in  are  0*90.  AH  the  elevated  keys  are  reduced  in  width,  down 
to  the  base,  so  as  to  allow  the  finger  to  enter  freely  between 
theuL  The  number  of  digitals  being  48,  each  lever  is  taken  at 
the  half  of  these  primary  24  divisions,  and  all  lie  in  one  level 
at  the  rear  of  the  key-board.  In  construction,  the  number  of 
pipes  (or  vibrators,  in  the  cabinet  organs)  is  reduced  by  usinsr 
the  same  for  those  which  being  at  the  distance  of  8  Fifths  and 
1  Third  are  practically  identical.  (§  29,  80  this  Journal,  July, 
1867). 

JusUy-Intoned  Pianofortes. — ^It  is  desirable  to  obtain  a  loud 
and  full  tone  by  a  single  wire,  large  and  at  full  tension.  Then 
with  an  enharmonic  key-board  and  the  triple  sets  of  wires,  the 
whole  will  be  easily  kept  in  tune,  and  will  sound  louder  than 
if  thev  were  tempered. 

Wind  Instruments  of  the  class  of  the  horn,  comet,  etc., 
depend,  for  the  fundamental  tone,  on  the  length  of  the  tube, 
and  for  the  harmonics,  on  the  tension  of  the  lips.  The  funda- 
mental length  may  be  varied  by  the  common  cornet  valves  or 
'*  pistons  "  and  corresponding  supplementary  tubes  to  give  the 
tones  of  series  L  Tnese  valves  are  arranged  in  the  order  of 
the  fifths,  or  thus :  F,  C,  G,  D,  A,  E,  B,  etc.  To  play  the 
triple  diatonic  acale  of  C  will  be  used  the  valve  of  C  (or  the 
simple  tube  of  the  whole  instrument,  if  so  constructed)  and 
those  of  F  and  O,  on  its  right  and  left ;  the  order  of  these  dom- 
inants, etc,  is  the  same  in  every  key.  For  the  sake  of  economy 
in  construction,  or  to  save  weight,  while  playing,  there  might 
be  four  or  five  valves,  and  the  plaver  before  beginning  might 
select  the  tubes  he  is  going  to  need,  as  is  done  with  the  simple 
horn,  which  can  have  but  one  at  a  time.  Any  one  can  try  the 
effect  of  this  system  with  a  common  cornet  and  a  pair  of  tubes 
— india-rubber  will  do— which  will  add  to  the  fundamental 
tube  60  and  88  per  cent  for  the  subdominant  and  dominant. 

The  TS-onUxmes  can  be  rendered  not  only  capable  of  just 
intonation,  as  they  now  are,  but  with  fixed  and  certain  tones; 
this  can  be  done  in  various  ways,  including  a  combination  of 
the  sliding  double  tube  to  fix  the  tonic,  with  three  valves  with 
their  tubes  kept  in  due  relation  with  the  tonic — varying  as  the 
whole  tube  is  longer  or  shorter — so  as  to  give  dominant  and 
subdominant  to  any  tonia  A  change  of  key  is  thus  made  by 
simply  moving  the  trombone  slide  to  the  new  key-note. 

It  is  easier  to  play  these  enharmouic  instruments,  than 
the  common  teinpered  ones ;  the  director  can  mark  the  changes 
to  be  made.  Joined  with  the  violins  and  voices  excellent 
effects  will  be  produced.  The  clarionets,  etc.,  can  be  favored 
by  good  players  so  as  to  fall  in  with  the  rest  in  the  just 
and  perfect  concert 
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Abt.  T.TT- — On  certain  Forms  of  Brachiopoda  oocmrring  in  the 

Swedith  Primordial;  by  St  W.  F6rd. 

Ik  a  paper  "  On  the  Brachiopoda  of  the  Paradoxides  beds  of 
Sweden/*  pablished  in  the  Transactions  of  the  Bo^al  Swedish 
Academy  of  Sciences,  for  1875,  M.  O.  Linnarsson  lustitates  the 
genus  AcroAek  for  the  reception  of  certain  Discina-Iike  fossils 
of  the  Swedish  Primordial,  and  describes  ander  it  two  species, 
A.  coriaeea  and  A.  grantdata.  Upon  the  characters  or  these 
two  forms  I  b^  leave  to  offer  a  few  remarks. 

Acrothek  difl^rs  from  Discina^  according  to  M.  Linnarsson  s 
description,  in  the  absence  of  the  longitnainal  slit  of  Disdna, 
the  perforation  of  the  apex  of  the  ventral  valve,  and  in  its  inte- 
rior markings  so  far  as  these  have  been  made  oat  The  shell 
substance  is  corneoua  M.  Linnarsson  considers  the  most 
nearly  related  eenera  to  be  OboUUa  and  Acrotreto^  but  at  the 
time  he  wrote,  shells  having  a  phosphatic  test  had,  as  he  states, 
been  referred  to  the  former  genus.  M.  Linnarsson  gives  nnmer- 
ous  illustrations  of  the  ventral  valve  of  A.  coriaeea,  and  one  of 
the  interior  of  the  dorsal  valve  which  presents  some  remarka- 
ble features.  The  perforation  in  the  apex  of  the  ventral  valve 
can,  he  states,  usually  be  made  out  only  with  difficoltv  owing 
to  its  extreme  minuteness ;  and  in  the  description  of  the  ven- 
tral valve  of  A,  grantUaia  no  such  perforation  is  shown  to  exist 
In  a  later  illustration  of  A.  grantdaia*  however,  the  apex  is 
represented  as  per&rated,  but  the  perforation  is  so  small  that  a 
doubt  naturally  arises  as  to  whether  it  truly  represents  an  ori- 
fice leading  into  the  interior.  Nevertheless  M.  Linnarsson 
states  that  in  the  internal  casts  of  the  ventral  valve  of  A.  cori- 
aeea the  presence  of  an  umbonal  orifice  is  always  readilv  recog- 
nizable. The  interior  of  this  valve,  so  &r  as  known,  shows  no 
trace  whatever  of  muscular  scars  or  imprints. 

In  that  subdivision  of  the  American  Primordial  known  as  the 
Lower  Potsdam,  and  which  is  considered  to  lie  above  the  Para- 
doxides-hesLr\ug  strata  of  this  continent,  we  have  at  Tro^,  N.  Y.,  a 
species  of  Lingulella  {L.  ccelata),  very  closely  resembling  in  the 
interior  markings  of  its  dorsal  valve  the  dorsal  valve  of  Linnars- 
son's  A.  coriaeea,  and  in  the  same  formation,  both  in  New  York 
and  Canada,  another  form  bearing  an  e(^ually  strong  resemblance 
to  his  A.  granulata.  This  latter  American  form  is  the  operculum 
of  a  Pteropod,  Its  true  character  was  first  ascertained  by  Mr. 
JBillings,  who  described  it,  together  with  the  shell  to  which  it 
belongs,  in  the  Canadian  Naturalist  for  December,  1871,  under 
the  name  of  Hyolithellus  mican8,\    It  is  usually  circular  io 

^  *'0mfMiiiBDilagrenmedParadaxMfe»d2am<licM;"  af  G.  Liiinarssoo.  (Afdngv 
Qeoloffiaks  FdrenrngeoB  I  StoGkboUn  FOrhandlingar  1877,  No.  40,  Band  ni,  Na  IS)- 
f  See  also  this  Jounal  fot  Uay,  un. 
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form,  rarely  broad*ovate  longitudinally,  and  has  an  excentric 
apex  or  nuclens.  Around  this  point  the  surface  lines  are 
arranged  concentrically.  Some  of  the  specimens  show  also  the 
existence  of  fine  radiating  lines  in  the  nucleal  r^ion.  The 
outer  surface  has  usually  a  dullish  aspect  contrasting  strongly 
with  the  inner  one,  which  is  polished  and  glistening.  On  the 
interior  there  are  ten  elongate-ovate  muscular  impressions  hav- 
ing a  stellate  arrangement  The  smaller  of  these  occur  on  the 
dorsal  side  of  the  operculum.  They  all  terminate  in  the  pit 
directly  beneath  the  nucleus.  The  shell  and  operculum  are 
compcised  of  a  corneous  substance,  which  has  a  finely  lamellar 
.  structure.  None  of  the  specimens  of  the  operculum  have  a 
perforation  in  the  nucleus,  but  its  extreme  tip  occasionally 
oreaks  away  and  gives  it  such  an  appearance.  In  this  respect 
it  recalls  Acrothele  granulatcL^  in  whicn  the  presence  of  an  apical 
foramen  does  not  appear  to  be  a  constant  feature.  The  inte- 
rior of  A,  granulata  has  not  been  observed  and  the  dorsal  valve 
is  in  doubt  The  form  is  nearly  circular,  the  deviation  from 
this  shape  being  transverse  to  that  of  the  operculum  of  H. 
mtcana.  The  smallest  specimen  figured  is  4  lines  in  width,  and 
the  largest  about  6^  lines. 

Associated  with  HyoliiheUus  micana  we  have  at  Troy  three 
species  of  Byolithea,  and  in  the  case  of  each  the  operculum  has 
been  identified  and  described  Two  of  these,  H,  Americanua 
and  H.  impar,*  permit  us  to  observe  the  interior  of  this  piece. 
In  neither  do  we  find  any  trace  of  muscular  scars.  In  this 
resp^t  they  recall  the  ventral  valve  of  Linnarsson^s  A.  coriacea. 
In  all  true  Hyolithes  the  operculum  appears  to  be  invariably 
divided  more  or  less  distinctly  into  a  dorsal  and  ventral  limb. 
The  majority  if  not  all  of  the  species  have  a  calcareous  shell, 
which  in  some  cases  is  greatly  thickened.f  In  HyobtheUus,  on 
the  other  hand,  the  test  is  of  extreme  tenuity  and  corneous,  and 
the  division  of  the  operculum  into  dorsal  and  ventral  limbs 
only  very  obscurely  indicated.  Singularly  enough,  on  the  sec- 
ond plate  accompanying  his  later  paper  referred  to  M.  Linnars- 
sott  ngures  side  oy  side  an  example  of  the  ventral  valve  of  his 
A,  granulata^  and  the  apical  portion  of  a  new  species  of  ffyo- 
Uthea^  showing  in  its  transverse  section  an  outline  correspond- 
ing almost  exactly  with  that  of  the  adjacent  figure  of  A,  granv- 
lata.  Contrary  to  M.  Linnarsson,  the  Dtscina  jyrimctva  of  Bar- 
rande  and  Yerneuil,j:  if  not  a  true  Di'scina,  appears  to  me  much 
more  probably  an  operculum  than  an  Acrothele^  as  that  genus  is 
at  present  definecl. 

^  Hie  Utter  described  bj  the  writer  in  this  Journal  for  June,  1872. 

f  IC.  fiarrande.  in  his  description  of  the  Pteropoda  of  the  Bohemian  Basin, 
states  that  certain  of  his  species  of  llyolithea  having  a  verj  thin  test  appear  to 
make  an  approach  to  a  corneous  compositiou ;  but  such  a  composition  is  not  posi- 
tively atotea  to  characterize  anj  of  them  (Syst^me  Silurienne,  ia,  iii,  1867,  p.  66). 

X  BulL  Soa  GeoL  Fr.,  t  xyii,  p.  532,  pL  vin,  Eg.  2. 
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I  do  not  intend  bj  the  foregoing  obsenrations  to  naacrt  that 
the  donnl  Tmlre  of  M.  LinnanKin's  A,  cariaaa  in  the  domd 
▼nlye  of  a  tM^mhUa,  or  that  what  he  aets  down  as  Yentnd 
▼alves  of  A.  eoriaeea  and  A.  grmudmia  are  both,  or  eitlier  id 
them,  or  an  j  of  the  Corma  included  nnder  them,  opercnla  of 
HfoUAe$  or  Hj<dithoid  apeeiea,  or  to  undertake  to  decide  upon 
their  nature  or  affinitiea  in  one  way  or  another;  but  only  to 
point  out  the  manifest  reeemUancea  between  the  American 
and  Swedish  forms  compared,  and  which  appear  to  me  u>  be 
sufficiently  pronounced  to  at  least  suggest  tne  question  whether 
the  Swedisn  species  noticed  may  not,  as  a  whole  or  in  part,  be 
susceptible  of  a  more  rigorous  determination. 

M9W  Ymk,  JisMTj  n,  ISTS. 


Abt.  LnX— On  the  ''Oeode$"  cf  the  Keokuk  FormaHan,  and  the 
Oenue  BiopaVa^  with  eome  Specks;  by  Samusl  J.  Wallacs, 
of  Keokuk,  Iowa. 


The  large  hollow  stone  balls,  set  inside  with  myriads  cl 
brilliant  crystaLs,  which  are  found  in  the  upper  beds  of  the 
Keokuk  Formation  (Snbcarboniferoas),  are  well  known  for 
their  beauty  and  as  curiosities^  under  the  names  of  Geodes^ 
Niggerheads,  etc.  They  are  very  plentiful,  of  various  sizes, 
from  a  few  lines  to  over  two  feet^  where  that  part  of  the  forma- 
tioD  is  exposed  in  the  Mississippi  Valley,  and  in  the  lowo* 
Drift  and  the  Alluvium  derived  from  it.  • 

This  part  of  the  Keokuk  Formation,  known  as  the  Geode 
Bed,  is  exposed  in  a  r^on  about  sixty  hj  one  hundred  miles, 
with  Keokuk,  Iowa,  as  its  center,  where  it  is  forty  feet  thick, 
covered  by  the  St  Louis  Formation.  A  few  miles  south  it 
descends  to  the  river  level,  from  which  it  rises  and  disappears 
from  the  highest  bluflb  fifty  miles  north  and  south.  About 
thirty  miles  east  and  west  it  disappears  at  the  bottom  of  the 
deepest  streams,  under  the  Coal-measures  of  Illinois,  and  of 
Iowa  and  Missouri.  It  extends  from  the  southeast  comer  of 
that  space  passing  southeast  and  south  beyond  St  Louis ;  and 
it  may  extend  also  southwest  through  central  Missouri.  To 
the  east  it  reappears  along  the  eas^ism  margin  of  the  coal  field 
through  Indiana,  probably  into  Kentuckv,  and  as  Professor 
Safford  thinks,  into  central  Tennessee.  To  the  west  it  pos- 
sibly reappears  in  the  geodes  found  by  Professor  Comstock  in 
the  Wina  Biver  region,  Government  Survey. 

The  matrix  bed  is  generally  shale,  varying  sometimes  to  lime- 
stone and  to  porous  rotten  stone.  The  lower  layers  are  lime- 
stone but  not  so  pure  as  the  next  layer  below,  which  here  is  the 
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best  qoairy  rock  of  the  Keokak  Formation.  Stratification 
nuu^ks  often  show  over  and  around  the  geodes  similar  to  those 
around  bodies  in  mad  banks  formed  by  currents.  The  shale 
seems  to  be  bat  the  remains  of  original  deposits  several  times 
thicker,  which  have  evidently  been  dissolved  out,  leaving  the 
insolable  portion  to  be  compressed  to  the  present  shale.  The 
limestone  portions  have  not  been  compressed  so  much. 

The  geodes  themselves  are  merely  crvstalline  shells  formed 
from  percolating  water  around  the  walls  of  vacant  cavities. 
The  outer  shell  is  silica,  generally  chalcedony,  with  crystals  of 
various  minerals,  prindpaJly  silica  and  calcite,  pointed  inward  in 
great  variety  and  b€»utv.  The  external  forms  are  sharply 
marked  as  casts,  as  the  shale  is  readily  removed  by  frost  and 
water,  leaving  the  silica  walls  perfect  and  permanent.  The 
shell  walls  are  of  all  degrees  of  thickness,  from  perfectly  solid 
to  thin  crusts,  with  sometimes  no  deposits  at  all  in  the  still  per- 
fect cavity.  Sometimes  they  are  full  and  perfect  in  form,  and 
in  others  they  are  more  or  less  crushed,  often  quite  flat.  In 
those  that  are  crushed  the  outer  shell  shows  the  fracture  still 
sharp,  but  all  held  tqzether  by  the  inner  portion  deposited 
since  the  crushing.  This  crusning  has  been  caused  oy  the 
compression  of  the  strata  before  referred  to.  But  it  shows 
liiat  the  dissolving  out  of  part  of  the  original  deposit  was  after 
the  partial  deposit  of  the  geode  shell. 

Tne  origin  of  these  cavities  in  the  sedimentary  deposit  has 
been  generally  regarded  as  a  mysterv.  That  the  shells  were 
fonnm  b^  orystaUizing  from  water  in  the  cavities  is  evident 
from  their  structure,  which  often  shows  fine  bands  of  varied 
colors,  etc.,  like  agates ;  and  by  the  fact  that  the  cavities  are 
sometimes  still  entirely  vacant 

The  Indiana  Geological  Report,  1878,  page  278,  gives  the 
idea  that  they  owe  their  origin  to  animal  remains.  This  is 
plausible  from  the  &ct  that  they  characterize  a  single  formation 
and  part  of  a  formation,  even,  in  the  usual  manner  of  fossils, 
(though  I  find  cavities,  in  a  certain  bed  of  the  St  Louis  above, 
which  I  suspect  had  the  same  origin).  It  is  rendered  more 
evident  by  tne  peculiar  family  likeness  through  a  great  variety 
of  sizes  and  forms ;  and  by  the  lack  of  any  other  cause  for 
them  in  such  Vemarkable  numbers,  shapes  and  siz^ 

An  extended  study  of  thousands  of  specimens  and  exposures, 
by  the  writer,  confirms  this  by  the  recognition  of  peculiarities 
of  growth  and  nature.  It  seems  that  the  cavities  were  formed  by 
Ae  raUina  out  of  sponges  which  had  become  covered  by  de- 
poHits.  They  were  somewhat  similar  to  the  present  horn 
sponges  of  trade,  but  without  stems  or  apparent  means  of 
tttachment  They  may  have  often  been  movable,  sometimes 
drifting  along  on  the  soft  bottom,  and  often  became  covered  in 
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the  soft  depoeita  They  also  often  grew  in  fixed  positions,  as 
they  are  toand  crowded  and  fitting  together  in  beds,  with 
angular  forms.  It  is  evident  that  onlj  those  which  became 
covered  by  deposits  wonld  leave  any  remains  in  the  strata. 

There  is  a  great  variety  of  forms  and  markings,  but  they  are 
mainly  of  a  few  general  and  related  type&  The  principal 
t^pe  18  that  of  a  massive  peculiar  cnshion-like  figure,  with  in- 
arawn  centers  and  connecting  wrinkles,  the  intermediate  spaces 
swelling  lobe-like,  more  or  less  deeply  marked,  so  as  to  re- 
semble the  features  formed  by  holding  stitches  in  stuffed 
cushions  and  upholstery.  The  indrawn  centers  probably  rep- 
resent the  mouths  of  circulation-canals.  There  are  some  which 
do  not  show  these  peculiar  markings,  especially  amons  the 
smaller  ones,  and  in  those  which  are  crowded  together  in  beds. 
But  they  were  no  doubt  of  the  same  nature.  The  several  sides 
are  similar,  but  the  top  is  usually  distinct  from  the  lateral  sides. 
They  are  frequently  nearly  round,  sometimes  higher  than  wide, 
but  usually  hai^e  three  difierent  diameters,  the  shortest  of 
which  is  vertical,  and  so  form  a  flattened  ovaL 

There  are  indications  that  the  structure  was  fibrous;  the 
fibers  mainly  running  conformable  to  the  surface  and  to  the 
wrinkled  lines>,  towani  some  of  the  largest  centers,  at  which 
they  passed  inward.  Some  have  cup-like  cavities  of  gash  or 
almygdaloid  form,  some  open«  and  otners  more  or  less  closed. 
They  have  their  longer  diameters,  one-third  to  one  inch,  con- 
formable in  direction  to  the  supposed  fibers  and  wrinkles. 

The  writer  has  a  fine  specimen  which  has  grown  over  and 
around  a  projecting  rock  in  an  interesting  way.  Mr.  L.  A. 
Cox  has  one,  five  inches  in  both  diameters,  which  has  grown  in 
a  large  crinoid  stem.  It  has  split  the  column  in  five  parts,  bend- 
ing them  apart  to  fit  its  form,  into  which  they  are  imbedded  up 
the  sidea     This  is  well  preserved  and  curioua 

Many  fine  as  well  as  large  specimens  exist  in  collections 
here,  and  enough  for  many  car-loads  have  been  shipped  away. 
The  largest,  showing  the  outside  markings  finely,  is  owned  by 
R  F.  Bower.  It  is  twenty-six  inches  acros&  A  larger  one, 
twenty -eight  inches,  is  in  the  Keokuk  Library  Collection. 

The  most  promising  field  to  look  for  details  of  structure  is 
in  the  chert  forming  a  large  part  of  the  Keokuk  formation, 
which  contains  remains  of  various  forms  of  life  of  those  seas, 
often  in  better  condition,  as  to  details,  than  are  elsewhere  found. 

Sponges  which  show  internal  structure  are  known  from 
various  formations.  This  generally  arises  from  their  being 
mineral  sponges,  or  from  their  having  been  silicified  before 
the  original  structure  disappeared.  In  tbe  Keokuk  formation 
I  know  of  nothing,  outside  of  the  chert,  where  a  non-mineral 
body  was  silicified  so  as  to  show  internal  structure;     All  the 
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non-mineral  snbetance,  and  many  parts  formed  of  lime,  have 
finst  entirely  disappeared,  so  as  to  leave  vacant  cavities.  Some 
of  these  are  still  vacant  Bat  most  have  been  afterward  filled 
bj  crystals  fixnn  water  containing  bicarbonate  of  lime  and  silica, 
which  show  no  internal  structure  of  the  original  body.  This 
includes  not  only  these  grades,  but  a  large  proportion  of  the 
crinoids,  shells  and  corals,  that  originally  contained  lime;  so  that 
this  is  not  so  strange  for  the  non-mineral  sponges  as  for  those 
The  following  is  the  principal  distinct  type : 

BiOPALLA  (new  genus). 

Body,  subglobular,  varying  in  growth ;  size,  usually  a  few 
inches,  varying  from  one  line  to  over  two  feet ;  no  foot-stalk 
or  apparent  means  of  attachment;  top,  bottom,  and  lateral 
faces  often  distinct,  but  similar. 

External  markings,  in  large  specimens,  of  two  kinds  of  pe- 
culiar indrawn  features:  1st  indrawn  centers,  at  unequal 
intervals  over  the  surface  (often  one  or  more  pit  marks  each), 
perhaps  mouths  of  circulation-canab ;  2d.  Indrawn  wrinkles, 
connecting,  usually  radiating  from,  one  to  another  of  the 
largest  centers,  in  an  irregular  net  work ;  and  with  smaller  in- 
drawn centers  along  the  furrows.  Surface,  swelling  lobe-like 
between  the  centers  and  furrows  into  a  more  or  less  deeply 
marked  oeculiar  cushion  like  figure. 

Namea  from  the  Oreek,  j9/oCi  life,  and  TraXioj  a  ball. 

There  is  uncertainty  as  to  the  distinction  of  species,  but  I 
venture  to  name  the  following: 

BiopaUa  Keokuk, — Typical  species;  size  medium  to  large; 
form  nearly  rounded  to  flattened-ovoid  ;  markings  those  of  the 
genus,  distinct,  medium  to  numerous,  varied  in  size  and  mode 
of  distribution  on  same  and  difierent  specimens. 

From  Keokuk,  Iowa;  Hamilton,  III.,  and  surrounding 
r^on. 

BiopaUa  grandis, — Secondary  type ;  size  medium  to  largest ; 
form  ovoid  horizontally ;  sides  similar.     Markings,  those  of  the 

fen  us,  very  distinct,  few  to  medium,  symmetrical  and  regular, 
nterspaces  large,  swelling  lobe-like.  A  few  largest  indrawn 
centers  have  peculiar  radiating  furrow  marks,  melon-like. 

From  KeoKuk,  Iowa;  Clark  County,  Mo.,  and  surrounding 
r^on. 

BiopaUa  WorOteni, — Size  medium  to  large;  form  varied; 
vertical  and  lateral  faces  difierent  Markings  on  top  more  or 
less  sharp  and  crowded ;  on  lateral  sides,  less  numerous,  and 
elongatea  vertically ;  on  bottom  not  so  sharp  as  on  top ;  other- 
wise more  or  less  varied,  as  in  B,  Keokuk. 

From  Hamilton,  HI. ;  Drift ;  and  other  places. 

BiopaUa  Woodmani — A  peculiar  form  from  the  Drift  Keo- 
kuk, Iowa,  supposed  to  be  from  the  northward.      Found  as 
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fragments ;  flattened  by  crasbing  before  the  crjstallioe  d^Kint 
was  completed.  Interior  often  with  brown,  coarse,  grii^  clay 
from  matrix,  cohering  by  stiffht  crystalline  sabstanoe.  Original 
form  not  known.  Sze  mediom  to  htige.  MarkingSi  indrawn 
centers  not  distinctly  defined,  bnt  indrawn  lines  distinct,  form- 
ing a  more  or  less  intricate  net  woiic,  with  lines  geoetally  di- 
rected to  the  sides  on  top  and  bottom.  The  interqiaoeB 
generally  projecting  prominently,  as  if  a  soft  substance  was 
forced  through  the  meshes  of  a  net,  with  some  resemblance  to 
'a  brain-like  sur&ce. 

Biopalla  HceckdL — Size  medium  to .     Form  sometimes 

flattened.  Markings  often  disdnct.  SurfiM^  with  more  or  less 
open  gash-shaped  cup-like  cells,  differing  in  size  with  the  body, 
one-third  to  one  inch  in  longest  diameter,  in  directions  confom- 
able  to  those  of  the  f  urrowa 

A  peculiar  form.    Keokuk,  Iowa ;  Canton,  Ma  ;  Drift,  etc. 

Biopalla  Hyatti. — Size  small  to  medium ;  form  varied,  gen- 
erally elongated  cylindrically.  Markings  distinct;  on  lateral 
or  cylinder  sides,  centere  usually  on  furrows  that  run  cross- 
wise or  around  the  cylinder,  often  deep.  Ends  scnnetimes 
rounded  ;  often  flattened  by  contact 

From  Keokuk,  Iowa ;  l^milton,  HI ;  Drift,  etc 

Biopalla  AUcei — Size  small  to  medium.  Form  more  or  less 
flattened,  lateral  edges  thin  and  centers  more  or  less  projectii^ 
Markings  generally  not  deep ;  often  pit-like  marks ;  sometimes 
an  indrawn  furrow  runs  diagonally  from  bottom  to  top  or 
around,  with  centere  along  it  Often  beautifully  transluceDti 
with  peculiar  markings. 

From  Drift,  Keokuk,  Iowa,  eta 

Biopalla  palmata. — Size  medium  to .    Form  flattened. 

Markings  not  deep  on  top  and  bottom,  but  elongated  toward 
the  edges ;  the  edge  deeply  serrated  by  projecting  interspaces, 
and  deeply  indrawn  vertical  furrows. 

A  rare  and  peculiar  form.     Keokuk,  Iowa,  Drift 


Abt.  UY. — ITie  OoraUine^  or  Niagara  Limeskme  <f  the  Appala* 
chian  System  as  represented  at  Nearpass^s  Clifff  Montague^  New 
Jersey ;  by  Dr.  S.  T.  Babbbtt,  Port  Jenris,  N.  Y. 

At  Mr.  Wm.  Nearpass's  qu.arry,  three  miles  southwest  of 
Port  Jervis,  is  a  nearly  perpendicular  cliff  over  two  hundred 
feet  in  height,  which  snows  at  top  one  hundred  feet  of  exposed 
strata.    The  Stromatopora  limestone,  Favosite  limestone  of  my 
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former  commanication,*  and  thd  Tentaculite  liroestone  with  its 
two  divisions  of  dark  blue  and  qaarry  stone  occupy  the  upper 
twenty  feet  of  this  cliff,  while  below  the 'Tentaculite,  and  pale* 
ontologically  connected  with  it,  are  nearly  horizontal  strata, 
about  thirty  feet  in  vertical  thickness,  apparently  referable  to 
the  Water  Lime  division  of  the  Lower  Helderberff  group. 
Lvitig  below  the  Water  Lime  are  fifty  feet  vertical  thickness 
of  exposed  rock  which  contain  species  characteristic  of  the 
Coralline  limestone  at  Schoharie,  with  a  larger  proportion  of 
Niagara  species  than  are  reported  from  that  locality,  a  few 
Clinton  types  and  some  perhaps  new  or  peculiar  species. 

These  species  as  &r  as  identified  are  as  follows : 

Coralline  limestone  species :  Oyathophyllum  inequale^  Colum* 

naria  tMB^ialis^  Straphadonia ^Lepiaena of  Plate  74, 

figs.  8a  and  8ft,  Pal.  N.  Y.,  vol.  ii,  khynckonella  lamellaia^ 
Atrypa  lameUaid,  MerisieUa  nucleolata={Aifypa)  nucleolatcL^  Calv- 
mene  eameraia;  all  of  which  were  identified  by  Mr.  Whitfield ; 
Sifwnatopora  conateUala,  Tdlinomya{f)  aequilatera  and  Avicula 
aecuriformisy  identified  by  mysell  • 

Niagara  species :  Halyeiiea  agglomeratua^  Fawmtea  pyriformis^ 
CXadopora  seriaia^  Oyaiho  Shumardi,  RhynchoneUa  pisa;  identi- 
fied by  Mr.  Whitfield;  Balyeitea  catenuUUua^  Syringopora  muU 
tieaulie^  FavoeOes  venu8iiL8y  F.  paraaitums^  Siromatopora  cancen- 
trieOj  IVemaUmora  tuberctJoaOj  Auhpora  preciusj  Spirorbis  inar- 
natutj  Pholodope  ovalis  and  Ambonychia  acuHraatrOy  identified 
by  mysell 

Clinton  species:  Caninia  bilateralia  by  Mr.  Whitfield,  Ten- 
tacuUiea  minviua  and  Beyrichia  lata  by  mysell 

A  very  beautiful  Proetua  of  about  the  size  and  general  out- 
line, as  far  as  can  be  conjectured  from  the  fragments  in  my 
possession,  of  the  P.  Stokeaii(l)j  Pal.  N.  Y.,  vol.  ii,  PL  67,  occurs, 
very  rarely,  throughout  this  lower  fifty  feet.  The  pygidium  is 
suMemicircular,  narrowly  rounded  behind,  margined.  Lobes 
subequal,  mesial  lobe  elevated,  obtuse  posteriorly,  number  of 
s^ments  thirteen  or  fourteen,  continued  backward  to  the  end. 
Surface  of  the  cheeks  and  margin  of  the  pygidium  vermicu- 
lately  striate,  otherwise,  as  far  as  known,  granulate.  Inferior 
mamnal  portions  of  the  pygidium  and  cephalic  shield  incras- 
satea  with  imbricating  lameUsB,  appearing  much  as  represented 
in  fig.  4a,  PL  66,  vol.  i,  N.  Y.  Pal.  This  may  be  the  same 
species  doubtfully  referred  by  Professor  Hall  to  the  Proetua 
SbjheaH  of  Murchison,  but  differs  very  much  from  the  figures 
and  description  there  given.  I  have  named  it,  provisionally, 
Proetua  pacfiydermatua, 

^  This  Jouma],  toL  ziii,  pp.  385  and  386.    The  Stromatopora  Limestone  is  beat 
at  Mr.  Sandford  Kearpasa's  Quarry,  i  mfle  northeait  of  Nearpasa's  ClifL 
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The  ^Slrophodonta*  {Lepicena)    of  PI.  74,  figs.  8a  and  8*, 

PaL  N.  Y.,  vol.  ii,  is  very  abundant  in  the  lower  beds  of  this 
Coralline  or  Niagara  limestone.     Its  ventral  valve  has  the 
surface  characters  represented  enlaraed  in  fig.  86,t  its  dorsal 
valve  has  the  flat  radiate  strisB  and  the  conoentrici  orowded, 
thread-like  strisB  represented  in  fig.  6d  of  the  same  plate.     Both 
valves  have  a  denticulated  hinge  line,  the  cast  of  the  interior  of 
the  ventral  valve  resembles  fig.  4a,  the  cast  of  the  interior  of 
the  dorsal  valve  is  near  figa  8a  and  86  of  the  same  plate.    The 
impression  of  the  cast  of  the  interior  of  the  dorsal  valve  shows 
widely  divergent  socket-ridges,:^  with  three  subparallel  ridges  in 
the  bottom  of  the  shell,  the  mesial  longest  and  extending  two- 
thirds  the  length  of  the  valve  toward  the  front     Old  shells 
have  about  the  size  and  form  of  fig.  4a.    Shell  flat,  undulated, 
sometimes  slightly  resupinate,  interior  punctata      There  are 
layers,  I  thinK  from  the  lower  unexposed  part  of  the  clift^ 
represented  by  bowlders  at  its  foot,  in  which  this  shell  is  very 
closely  packed.     It,  the  RhynchondJa  lameUata^  Ptoetus  padtv- 
derma tus  and  Meristella  nucleolaia  originate  in  rocks  of  probable 
Clinton  age  and  are  continued   upward   into  the  CA>ralliD& 
The  Cya^iophyllum  inequak  and   most  of  those  enumerated 
under  the  head  of  Niagara  species  are  restricted  to  the  upper 
half  of  this  lower  fifty  feet     The  total  thickness  of  the  Coral- 
line limestone  at  this  place  cannot  now  be  given,  because  its 
lower  boundary  is  buned  beneath  the  talus  which  covers  the 
lower  half  of  the  clifil     The  number  of  species  belonging  to 
the  Coralline  and  Niagara  limestones  can  be  no  doubt  increased 
by  further  examinations,  while  the  number  of  new  species  is 
probably  no  greater  than  has  been  found  at  other  places  where 
the   Niagara  has  been    examined.      The,   at  least  apparent, 
absence  of  many  of  the  Coralline  limestone  species  and  the 
increase  in  the  number  of  accepted  Niagara  species  at  this 
place  agrees  with  the  theory  that  the  Coralline  limestone  is 
the  thinned  eastern  edge  of  the  Niagara  deposits,  which  as  it 
is  traced  southwestwardly  along  the  Appalachians  shows  a 
fading  out  of  Coralline  and  an  increase  of  Niagara  types. 

Of  the  few  Coralline  limestone  species,  only  £e  OyaUwphylhm 
inequak  and  the  iSLrophodonta  {Nearpassiif)  are  abundant  here, 
the  other  species  being  represented  by  a  very  few  depauperate 
specimens  only.  The  spnerical  and  sub-pyramidal  forms  d 
Favosites  are  very  abundfant  here  as  well  as  at  Schoharie,  and 
seem  referable  to  species  described  by  Professor  Hall  in  the 
N.  Y.  Pal.  for  the  Niagara  group.  The  mural  pores  show 
plainly  in  thin  vertical  sections,  or,  better  yet,  in  sections  cat 
obliquely  transverse  to  the  axis  of  growth. 

*  I  have  labelled  it  proviBioiiaUj  S.  NtmrpamU. 

\  The  postero-lateral  radiate  strisd  are  more  arcuate. 
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Art.  LV. — Descriptions  of  new  Genera  and  Species  of  Isopoda^ 
from  New  England  and  Adjacent  Regions  ;  by  OscAB  Hakgeb. 
Brief  Ocmtributions  to  Zoology  from  the  Museum  of  Yale  College^ 
Na  XXXVIIL 

The  ffenera  and  species  described  in  the  present  paper  are, 
except  the  first,  raanne  and  were,  mostly,  collected  oy  the 
United  States  Fish  Commission,  along  the  New  England  coast 
More  complete  descriptions  with  figures  of  all  the  new,  and 
most  of  the  old  species,  are  nearly  ready  for  publication  in  the 
Beport  of  the  Commissioner.  As  it  seems  desirable,  however, 
to  give  a  wider  publication  to  the  genera  and  species  believed 
to  Be  new,  the  following  diagnoses  are  here  inserted. 

Actoniscus,  gen.  nov.* 

Eyes  small.  Antennae  geniculate  at  the  third  and  fifth  seg- 
ments; flagellum  four-jointed.  Terminal  segment  of  maxilli- 
peds  lamelliform.  Legs  all  alike.  Pleon  of  six  distinct  seg- 
ments. Basal  segments  of  uropoda  dilated  and  simulating  the 
coxae  of  the  preceding  segments ;  rami  both  styliform. 

This  ffenus  belongs  to  the  Oniscidce  and  is  near  Actcecia  Dana, 
MSS.  (U.  S.  Expl.  Exped.,  Crust,  part  ii,  p.  786,  pi.  48,  fig.  6), 
regarded  as  the  young  of  Scyphax^  out  considered  oy  Kinahan 
as  the  representative  of  a  distinct  family  of  the  Oniscoidea. 

A.  elhpticus^  n.  sp.  Body  oval.  Head  with  a  prominent 
angular  median  lobe,  and  broadly  rounded,  divergent  lateral 
lobes.  Eyes  oval,  longitudinal,  prominent,  black.  Antennulae 
rudimentary.  Antennae  nine-jointed ;  first  segment  short ;  sec- 
ond strongly  clavate ;  third  smaller,  clavate ;  fourth  flattened- 
cvlindrical;  fifth  longest,  slender,  bent  at  the  base ;  flagellum 
shorter  than  the  fifth  segment,  composed  of  four  subequal  seg- 
ments, tipped  with  setae.  Terminal  segment  of  maxillipeds 
elongate  triangular,  ciliated  and  slightly  lobed  near  the  tip. 
First  thoracic  segment  excavated  in  front  for  the  head,  shorter 
above  than  the  following  segments  except  the  last,  which  is  short- 
est Legs  small,  scarcely  spiny.  Pleon  continuing  the  regular 
oval  outline  of  the  thorax,  apparently  with  four  pairs  of  lamel- 
lar coxae,  the  last  pair  are,  however,  the  enlarged  basal  seg- 
ments of  the  uropoda  and  are  notched  on  their  inner  margins 
for  the  short  outer  rami,  while  the  more  slender  inner  rami  are 
borne  lower  down  on  the  under  surface.  The  rami  scarcely  pro- 
ject beyond  the  general  outline. 

This  species  has  been  collected  by  Professor  A.  E.  Verrill,  at 
Savin  Bock,  near  New  Haven,  and  also  at  Stony  Creek,  in  com- 
pany with  Phihsda  viUata  Say. 

*  From  iucT^f  the  beach,  and  Oniteui, 

Ax.  JocTB.  Bol^Thtrd  Sbrtes,  Vol.  XV,  No.  89.— Mat,  1878. 
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Chiridotea*  gen.  nov. 

First  three  pairs  of  legs  termiDated  b^  prebeosile  hands,  in 
each  of  which  the  carpus  is  short  and  tnan^Iar,  the  propodos 
is  robust  and  the  dactyl  us  capable  of  complete  flexion  on  the 

SropodusL  Antennas  with  an  articulatea  flagellum.  Head 
ilated  laterally.  Operculum  vaulted,  with  two  apical  plates. 
This  genus  is  founded  on  Ch,  caeca  (Idotea  coeca  Say),  which 
occurs  on  this  coast  frora  Florida  to  Hali&x,  Nova  Scotia. 
It  includes  Ch,  Tu/tsii  {Idotea  Tuftsii  Stimpson),  of  the  New 
England  coast  from  Long  Island  Sound  to  the  &ay  of  Fundy, 
and,  as  constituted  above,  would  also  include  Oi.  entonion 
{Idotea  enlomon  Bosc.),  from  the  Baltic  and  other  European  local- 
ities, and  Oi.  Sabini  {Idothea  Sabini  Kroyer),  from  tne  Arctic 
The  above  mentioned  species  ought  certainly  to  be  separated 
from  Idotea  tricuapidata  Desm.,  which  may  properly  be  regarded 
as  the  type  of  the  genus  Idotea  Fabr. 

StfnidcAea^^  gen.  nov. 

Antennad  with  an  articulated  flagellum.  Epimeral  sutures 
not  evident  above.  Pleon  apparently  composed  of  two  seg- 
ments, united  above  but  separated  at  the  sides  bv  short  incis- 
ions. Operculum  with  a  single  apical  plate.  Palpus  of  maxil- 
lipeds  three-jointed. 

This  genus  is  founded  on  S,  nodulosa  {Idothea  nodtdosa  Kroyer), 
who  appears  to  have  been  misled,  in  his  unnatural  description 
of  the  epimera,  by  the  marginal  thickening  of  the  segments 
He  describes  the  epimera  as  evident  even  on  the  first  s^ment 

Astacilla  Americana,  sp.  nov. 

Body  nearly  uniform  in  size  throughout  in  the  female,  with 
the  fourth  thoracic  segment  narrow  in  the  male,  tubereulated. 
Head  united  with  the  first  thoracic  segment,  and,  together  widi 
it,  twice  the  length  of  the  next  two  segments ;  excavated  in 
front,  with  the  sides  extending  beyond  the  middle  of  first  anten- 
nular  segment,  tubereulated  above,  crossed  between  and  behind 
the  eyes  by  two  transverse  grooves,  while  a  third  groove  indi- 
cates the  suture  of  the  first  thoracic  segment,  ^es  lateral, 
round-ovate,  broadest  in  front.  Antennulad  four-jointed, 
slightly  surpassing  the  second  segment  of  the  antennae  in  the 
female,  nearly  attaining  the  middle  of  the  third  in  the  male; 
basal  segment  swollen,  nearly  as  lon^  as  the  next  two  which 
are  much  more  slender,  last  or  flagellar  segment  shorter  than 
the  peduncle  in  the  female,  longer  than  the  peduncle  in  the 
male.  Antennae  about  three-K>urths  as  lon^  as  the  body, 
fourth  segment  longest,  then  the  fifth  and  third;  first  two  seg- 
ments short;   flagellum  three-jointed,   short.      First  thoracic 

*  From  ;r^<p,  a  hand,  and  Idotea.     f  From  oiv,  with  or  together,  a&d  Idotst. 
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segment  embracing  the  head,  separated  from  it  by  sutures  at 
the  sides,  but  united  in  the  dorsal  r^ion.  Fourth  segment 
longer  than  the  other  six  segments  together  in  the  female,  still 
more  elongated  in  the  male,  in  which  sex  it  is  longer  than  the 
three  following  s^ments  with  the  pleon,  while  in  the  female  it 
is  only  four-fifths  as  long ;  irr^ularly  but  not  coarsely  tuber- 
cnlated,  especially  in  the  dorsal  region.  Last  three  segments 
with  their  epimeral  r^ons  product  into  salient  angular  tuber- 
cles. Pleon  elongate-ovate,  tuberculated,  a  little  longer  than 
the  last  three  thoracic  segments,  with  three  transverse  grooves 
in  the  proximal  region,  the  second  continued  at  the  sides,  but 
showing  no  distinct  suture.  Immediately  behind  this  is  a 
prominent  tooth  on  each  side,  directed  outward  anrl  backward. 
Tip  of  pleon  not  spiniform  but  only  slightly  attenuated  and 
obtuse.  Opercular  plates  more  than  nine-tenths  as  long  as  the 
inferior  surface  of  the  pleon. 

Length  of  female  10mm.,  male  11mm. ;  diameter  of  fourth 
thoracic  segment,  female  l'2mm.,  male  0'52mm.  Of  the  two 
adult  specimens  obtained,  fortunately  a  pair,  the  male,  though 
much  tne  more  slender,  actually  exceeds  the  female  in  length. 
This  relation  of  size  in  the  sexes  is  unusual  in  the  genus,  the 
feoEiales  being  generally  considerably  larger  than  the  males,  but 
more  specimens  are  necessary  to  prove  the  constancy  of  this 
proportion. 

The  specimens  of  this  species  were  found  adhering  to  Ptim- 
noa,  from  St  George's  Bank. 

AstaciUa  Fleming,  is  synonymous  with  Leacia  {Leachta)  John- 
ston, which  is  preoccupied. 

Eurycope  robusta,  sp.  nov. 

Body  oval,  smooth  and  polished,  breadth  nearly  equal  to  half 
the  length.  Head  longer  than  the  first  thoracic  segment,  pro- 
duced medially  into  a  short  rostrum  about  half  as  long  as  the 
basal  antennular  segments.  Antennulss  attaining  the  middle 
of  the  fourth  antennal  segment;  basal  segment  subquadrate, 
bearing  the  second,  much  smaller,  segment  beyond  the  middle 
of  its  superior  surface ;  third  segment  slender ;  flagellum  about 
twice  as  long  as  the  peduncle,  multiarticulate.  Antennae 
thrice  the  length  of  the  body  at  least  in  the  female ;  first  three 
segments  short;  fourth  and  fifth  slender,  subequal  and  together 
as  long  as  the  body  in  the  female ;  flagellum  long,  slender  and 
multiarticulate.  External  lamella  of  maxillipeds  subrhombic, 
with  the  inner  angle  much  rounded,  the  outer  prominent  but 
not  acute.  First  four  thoracic  segments  short;  fourth  widest, 
fifth  and  sixth  suddenly  twice  as  long ;  seventh  much  the  long- 
est of  all.  First  pair  of  legs  shorter  than  the  body ;  carpus 
exceeding  the  propodus ;  second  pair  longer  than  the  body ; 
third  and  fourtn  increasing  slightly  in  leniz^h ;  carpus  and  pro- 
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podas  subec[ual  in  all,  armed,  in  the  second  pair  only,  with 
spines.  Swimming  legs  (last  three  pairs)  robust,  carpus  sub- 
circular,  dactylus  usually  about  half  as  long  as  the  pit>podu& 
Pleon  broader  than  long.  Uropoda  short,  rami  cylindrical, 
spiny  at  the  tip ;  the  outer  more  slender  but  not  shorter  than 
the  inner.     Length  of  body  4'5mm.     Carpus  of  first  pair  1mm.  ; 

fropodus  0'6mm. ;  of  second  pair,  carpus  I'Smm.,    propodus 
'6mm. ;    of   fourth    pair,   carpus  l*6mm.,   propodus  I'Ymm. 
Color,  in  alcohol,  pale  honey -yellow. 

This  species  was  dredged  in  220  fathoms,  in  the  Gulf  of  St 
Lawrence,  by  Mr.  J.  F.  Whiteaves. 

jEgathoa  hliginea,  sp.  nov. 

Body  elongate  oval,  not  suddenly  narrower  at  the  base  of 
the  pleon,  which  is  slightly  dilated  at  the  last  segment  Head 
subequally,  but  not  aeeply,  lobed  behind,  the  lateral  lobes 
being  formed  by  the  large,  semi-hexagonal,  coarsely  reticulated 
eyes,  which  cover  half  the  upper  sur&ce  of  the  head.  Anten- 
nulae  as  long  as  the  head,  eight-jointed,  separated  at  their 
bases,  tapering  to  the  tip;  antennad  more  slender,  ten-jointed, 
surpassing  the  antennulaa  by  the  last  two  segments,  like  the 
antennulaB  without  evident  division  into  peduncular  and  flagel- 
lar segments.  First  thoracic  segment  shorter  than  the  head 
and  but.  little  broader,  not  embracing  it  at  the  sides,  longer 
than  the  following  segments,  which  increase  in  width  to  we 
fifth ;  seventh  shortest  Epimera  short  and  obtuse,  not  sur- 
passing the  rounded  posterior  angles  of  the  segments.  Legs 
nearly  alike  throughout,  first  pair  a  little  more  robust,  last  pair 
slightly  the  longest,  all  with  strongly  curved  dactyli.  Pleon 
longer  than  the  thorax,  tapering  to  the  fifth  segment     First 

f)air  of  pleopoda  with  the  basal  segment  lar^e,  nearly  square; 
ast  pair,  or  uropoda,  surpassing  the  telson ;  basal  segment  tri- 
angular with  the  inner  angle  acute  but  scarcely  produced ;  rami 
flat,  the  outer  with  slightly  divergent  sides,  obliquely  rounded 
at  the  end ;  the  inner  broader,  triangular,  with  the  outer  side 
longest ;  cilia  very  short  almost  rudimentary.  Len^h  13mm., 
breadth  8 '6mm.  Color  in  alcohol  yellowish  with  minute  black 
specks,  most  abundant  on  the  pleon.     Eyes  black. 

The  only  specimen  in  the  collection  was  obtained  by  Mr. 
S.  F.  Clark,  at  Savin  Rock,  near  New  Haven,  from  the  moath 
of  a  squid  (Loligo  Pealii),  whence  the  specific  name. 

Ptilanthuraj  gen.  nov.* 

Antennulae  with  the  flagellum  remarkably  developed,  multi- 
articulate,  second  and  following  segments  provided  with  tn 
incomplete,  dense  whorl  of  fine  slender  hairs.  This  whorl  iB 
interrupted  in  each  segment  upon  its  internal  or  anterior  side^ 

*  From  imX6v  a  plmne,  and  Anthnra. 
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which,  however,  in  the  ordinary  reflexed  position  becomes  the  ex- 
ternal side.  Eyes  distinct,  visible  both  above  and  below.  Pleon 
imperfectly  segmented,  elongate.    Maxillipeds  two-jointed. 

P.  tenuis^  sp.  nov.  Body  smooth,  slender,  flattened  above, 
broadest  at  the  base  of  the  pleon.  Head  broader  but  shorter 
than  the  first  thoracic  segment,  narrowed  to  a  point  in  front  and 
less  acutely  behind.  Eyes  prominent,  black,  within  the  mar^n 
of  the  head.  AntennulsB,  when  reflexed,  attaining  the  third 
thoracic  segment ;  first  segment  lai^e  but  not  longer  than  the 
second ;  third  shorter  than  the  second,  followed  by  a  short  first 
flagellar  s^ment,  second  and  following  segments  about  twenty 
in  number,  obconic,  fitting  into  each  other,  flattened  and  naked 
on  one  side,  which  is  the  outer  and  somewhat  inferior  side  in  the 
reflexed  orean,  densely  elongate-ciliate  distally,  except  on  the 
flattened  side ;  cilia  attaining  about  the  fifth  following  segment. 
Antennae  hardly  surpassing  the  peduncle  of  the  antennul», 
eight-jointed.  Maxillipeds  with  a  quadrate  basal  segment,  emar- 

S'nate  externally  for  the  subtriangular  external  lamella,  and 
»ring  a  single  scarcely  smaller  terminal  segment,  truncate  and 
ciliate  at  the  tip.  Thoracic  segments  slender,  margined,  the 
seventh  but  little  over  half  as  long  as  the  others.  First  pair 
of  legs  moderately  enlarged,  segments  well  separated,  dactylus 
strong,  shorter  tlutn  the  inner  mar^n  of  the  propodus;  remain- 
ing pairs  of  legi^  slender.  Pleon  i%out  as  long  as  the  last  three 
thoracic  s^ments,  first  five  segments  consolidated  along  the 
median  line,  each  rising  into  a  low  broad  tubercle  on  each  side 
of  the  median  line ;  last  segment  as  long  as  the  preceding  five-; 
telaon  elongate-ovate  obtusely  pointed.  Uropoaa  equaling  the 
telson.  Length  11mm.,  breadth  0'9mm.,  color  in  life  brownish 
and  somewhat  mottled  above,  lighter  below. 

This  species  has  been  found  on  the  New  England  coast 
from  Noank  Harbor,  Conn.,  to  Casco  Bay,  Maine. 

Paratanais  algicola^  sp.  nov. 

Tanads  Jilum  Harger,  Rep.  U.  S.  Com.  Pish  and  Fisheries, 
part  1,  p  673.     1874,  non  Stimpson. 

Eyes  conspicuous,  black,  plainly  articulated,  larger  in  the 
males.  Antennul»  in  the  females  three-jointed,  tapering, 
setose  at  the  tip,  first  segment  as  long  as  the  last  two  which 
are  subeqnal ;  elongated  and  eleven-jointed  in  the  male,  the 
first  segment  long,  curved  upward  near  the  base,  last  eight 
segments  with  olutctory  setae.  Antennae  short,  five-jointed, 
deflected,  fourth  segment  longest  First  pair  of  legs  robust, 
hand  short  and  stout  in  the  female,  digital  process  scarcely 
toothed,  bearing  three  setae  near  its  inner  margin;  hand  in 
males  strongly  chelate,  digital  process  elongated,  curved,  two- 
toothed  ;  dactylus  curved,  slender,  with  about  seven  setiform 
spines  on  its  inner  margin  ;  carpus  in  the  males  long  and  stout 
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Second  pair  of  legs  elongated,  basis  flattened  and  carved,  dac- 
tylns  slender  bat  shorter  than  the  propodaa  Bases  of  last 
three  pairs  of  legs  swollen.  TJropoda  bearing  set®  at  the  tips 
of  the  s^ments,  biramous ;  outer  ram  as  short,  scarcely  if  at  all 
surpassing  the  basal  segment  of  the  inner  ramus  which  is  six- 
jointed  and  tapering.  Length  2'2mm.,  breadth  0.83mm.  Color 
nearly  white. 

This  species  is  rather  abundant  among  eelgrass  and  alg» 
at  Noank  and  Woods-HolL  and  probably  other  localities  on 
the  southern  shore  of  New  England.  I  formerly  considered  it 
as  identical  with  TanaisJUum  Stimpson  and  supposed  its  range 
to  extend  as  far  as  the  Bay  of  Fundy.  I  now  regard  that  as 
an  error,  as  it  is  probable  that  7!  JUum  is  a  true  Tanais  with 
simple  uropoda,  though  I  have  as  yet  seen  no  specimens  from 
the  Bay  of  Fundy,  nor  any  fully  answering  to  Stimpson's 
description. 

Paratanais  limicoloL,  sp.  nov. 

This  species  considerably  resembles  the  preceding,  but  may 
be  distinguished  from  it  by  the  following  characters :  The  eyes 
are  small  and  rather  inconspicuous,  at  least  in  the  females,  oe- 
inj;  only  about  half  the  vertical  diameter  of  the  antennuls. 
The  antennul»  have  the  second  s^ment  short,  about  half  as 
long  as  the  third.  The  dactylus  of  the  second  pair  of  1^ 
with  its  slender,  acicular,  terminal  spine  is  longer  than  toe 
propodus.  The  pleon  is  not  dilated  at  the  sides.  The  uro* 
poda  have  the  outer  ramus  two-jointed,  slender,  and  surpass- 
ing the  basal  segment  of  the  inner  ramus  which  is  five-jointed, 
with  the  basal  segment  long  and  imperfectly  divided.  Length 
25mm. 

This  species  was  obtained  on  a  soft  muddy  bottom  in  forty- 
eight  fatnoms,  Massachusetts  Bay,  off  Salem,  in  the  summer 
of  1877,  by  the  United  States  Fish  Commission. 

Paratanais  coeca,  sp.  nov. 

Body  slender,  elongated  and  loosely  .articulated.  Head  nar- 
row in  front,  not  broader  than  the  bases  of  the  antennule. 
Eyes  wanting.  Autennulae  four-jointed ;  first  s^ment  form- 
ing lees  than  half  its  length ;  second  segment  longer  than  the 
third  ;  last  segment  about  as  long  as  the  second,  slender,  taper- 
ing and  tipped  with  set®.  Antennae  attaining  the  tip  of  the 
third  antennular  segment  First  pair  of  legs  slender  as  com- 
pared with  those  of  the  preceding  species,  attaining  the  tip  of 
the  antennsB,  basal  segment  subquadrate,  hand  or  propodus  less 
robust  than  the  carpus;  digital  process  of  propodus  serrated; 
dactylus  short.  Second  (first  free)  thoracic  segment  two-thirds 
as  long  as  the  third,  which  is  equal  to  the  fourth  and  fifth  ;  sixth 
and  seventh  progressively  shorter.  Second  pair  of  legs  scarcely 
more  slender  than  the  following  paire,  basal  segment  not  cunr- 
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ing  aroand  the  basal  segments  of  the  first  pair.  Pleon  six- 
jointed  ;  uropoda  short,  biramous,  each  ramus  two-jointed,  the 
outer  more  slender  than  the  inner,  half  its  length  and  bearing 
a  long  bristle  at  the  tip.     Length  2 '5mm. 

This  species  was  taken  along  with  P.  limicola  and  unfortu- 
nately oiilj  a  single  specimen  is  as  yet  known. 

Yale  College,  April,  1878. 


Art.  LVI. — Ammonio-argentie  Iodide ;  by  M.  Carey  Lea. 

When  silver  iodide  is  exposed  to  ammonia  gas  it  absorbs 
3*6  per  cent,  and  forms  accoraing  to  Rammelsberg  a  compound 
in  which  an  atom  of  ammonia  is  united  to  two  of  AgL  Liquid 
ammonia  instantly  whitens  Agl,  every  trace  of  the  strong  lemon- 
yellow  color  disappears.  The  behavior  of  the  ammonia  iodide 
under  the  influeuce  of  light  differs  singularly  from  that  of  the 
plain  iodide,  and  will  be  nere  described. 

The  affinity  of  Agl  for  ammonia  is  very  slight  If  the 
white  compound  be  thrown  upon  a  filter  and  washed  with 
water,  the  ammonia  washes  quickly  out,  the  yellow  color  re- 
appearing. If  simply  exposed  to  the  air,  the  yellow  color 
returns  while  the  powder  is  yet  moist,  so  that  the  ammonia  is 
held  back  with  less  energy  than  the  water.  So  long,  however, 
as  the  ammonia  is  present,  the  properties  of  the  iodide  are 
entirely  altered. 

Agl  precipitated  with  excess  of  KI  does  not  darken  by  ex- 
posure to  light  even  continued  for  months.  But  the  same 
iodide  exposed  under  liquid  ammonia  rapidly  darkens  to  an 
intense  violet-black,  precisely  similar  to  that  of  AgGl  exposed 
to  light,  and  not  at  all  resembling  the  greenish -black  of  Agl 
exposed  in  presence  of  excess  of  silver  nitrate.  (This  dififer- 
ence  no  douot  depends  upon  the  yellow  of  the  unchanged  Agl 
mixing  with  the  bluish-black  of  the  changed,  whereas  in  the  case 
of  the  ammonia  iodide  the  yellow  color  has  been  first  destroyed.) 

When  the  exposure  is  continued  for  some  time,  the  intense 
violet-black  color  gradually  lightens  a^ain,  and  finally  quite 
disappears,  the  iodide  recovers  its  original  yellow  color  with 
perhaps  a  little  more  of  a  grajrish  shade.  This  is  a  new  reac- 
tion and  differs  entirely  from  anything  that  has  been  hitherto 
observed.  It  has  been  long  known  that  darkened  Agl  washed 
over  with  solution  of  KI  and  exposed  to  light,  bleached.  This 
last  reaction  is  intelligible  enough  for  KI  in  solution  exposed 
to  light,  decomposes,  and  in  presence  of  Agl  darkened  by  light 
gives  up  iodine  to  the  Agl  and  so  bleaches  it  The  above 
experiment  is  quite  different  The  darkened  substance  may 
be  washed  well  with  water  (during  which  operation  it  passes 
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from  violet-black  to  dark-brown),  and  may  then  be  exposed 
to  light  either  under  liquid  ammonia  or  under  pure  water,  in 
either  case  the  bleaching  takes  place,  though  in  the  latter  case 
more  slowly. 

If  the  experiment  be  performed  in  a  test-tube,  the  bleaching 
under  ammonia  requires  several  hours,  under  water  from  one 
to  three  days.     But  if  the  iodide  be  formed  upon  paper,  and 

this  paper  be  exposed  to  light,  washing  it  constantly  with 
iquia  ammonia,  the  darkening  followed  by  the  bleaching 
requires  little  more  than  a  minuta  In  this  case,  however,  the 
bleaching  is  not  so  complete,  perhaps  because  of  the  influence 
of  the  organic  matter  present.  The  bleaching  appears  to 
depend  upon  the  escape  of  ammonia,  for  if  the  darkened  am- 
monia iodide  is  covered  with  strong  liquid  ammonia  and  the 
test-tube  well  corked,  the  bleaching  aoes  not  take  place. 

It  became  a  matter  of  interest  to  know  whether  the  darken- 
ing under  ammonia  was  accompanied  by  any  decomposition ; 
whether  the  ammonia  took  up  ioaine  from  the  silver  salt  under 
the  action  of  light  For  this  purpose  Agl  was  precipitated 
with  excess  of  ELI  and  subjecteo  to  a  long  and  thorough  wash- 
ing ;  it  was  then  exposed  for  several  days  to  li^ht  und^r  strong 
liquid  ammonia.  As  Agl  is  not  wholly  insoluole  in  ammonia, 
the  mother-water  was  first  evaporated  to  dryness  at  a  heat  bat 
little  over  ordinary  temperatures.  The  traces  of  residue  were 
washed  with  water,  and  this  water  gave  distinct  indications  of 
iodina  The  iodine  present  is  in  so  small  quantity  that  it  may 
easily  be  overlooked,  but  it  is  certainly  there.  The  washing 
given  to  the  Agl  was  so  thorough  that  it  seemed  impossible  to 
admit  that  traces  of  KI  remained  attached  to  the  Agl,  but  in 
order  to  leave  no  room  for  doubt,  the  experiment  was  repeated, 
using  an  excess  of  silver  nitrate  in  making  the  precipitation, 
followed  by  thorough  washing.  Iodine  was  still  found  in  com- 
bination with  ammonia,  and  under  these  conditions  there  could 
be  no  doubt  that  Agl  had  been  decomposed. 

When  Agl  is  blackened  under  ammonia  in  a  test-tube,  and 
the  uncorked  test-tube  is  set  aside  in  the  dark  for  a  day  or  two, 
the  Agl  assumes  a  singular  pinkish  shade.  It  thus  appears 
that  Agl  under  the  influence  of  ammonia  and  of  light  gives 
indications  of  most  of  the  colors  of  the  spectruuL  Starting 
with  white  it  passes  under  the  influence  of  light  to  violet|  and 
thence  nearly  to  black:  this  violet-black  substance  washed 
with  water  passes  to  brown.  The  brown  substance  covered 
with  ammonia  and  left  to  itself  in  an  open  test-tube  becomes 
pinkish  in  the  dark,  yellow  in  sunlight  These  curious  rela- 
tions to  color  which  we  see  in  the  silver  haloids,  from  time  to 
time  exhibiting  themselves  in  new  ways,  seem  to  give  hope  of 
the  eventual  discovery  of  some  complete  method  of  heliochromy. 

Philadelphia,  March  25, 1878. 
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Art.   LVn. — Description  of  a  Fossil  Passerine  Bird  from  the 
Inseeibearing  Shales  of  Colorado ;  by  J.  A.  Allen.* 

The  species  of  fossil  bird  described  in  this  paper  is  based  od 
some  beautifully  preserved  remains  from  the  insect-bearing 
shales  of  Florissant,  Colorado.  They  consist  of  the  greater 
part  of  a  skeleton,  embracing  all  of  the  bones  of  the  anterior  and 
posterior  extremities,  excepting  the  femora.  Unfortunately, 
the  bill  and  the  anterior  portion  of  the  head  are  wanting,  but 
the  outlines  of  the  remainder  of  the  head  and  of  the  neck  are 
distinctly  traceable.  The  bones  are  all  in  situ^  and  indicate  be- 
yond question  a  high  ornithic  type,  probably  referable  to  the 
Oscine  division  of  the  Passeres.  The  specimen  bears  also  re- 
markably distinct  impressions  of  the  wings  and  tail,  indicating 
not  only  the  general  form  of  these  parts,  but  even  the  shafts 
and  barbs  of  the  feathers. 

In  size  and  in  general  proportions,  the  present  species  differs 
little  from  the  Scarlet  Tanager  (Pyranga  rubra)  or  the  Cedar- 
bird  {Ampdis  (xdrorum),  Tne  bones  of  the  wings,  as  well  as 
the  wings  themselves,  indicate  a  similar  alar  development,  but 
the  tarsi  and  feet  are  rather  smaller  and  weaker ;  and  hence  in 
this  point  the  agreement  is  better  with  the  short-legged  Pewees 
(genus  Contoprus).  These  features  indicate  arboreal  habits  and 
well-developed  powers  of  flight.  The  absence  of  the  bill  ren- 
ders it  impossible  to  assign  the  species  to  any  particular  family, 
but  the  fossil  on  the  whole  gives  the  impression  of  Fringilline 
affinities. 

Palceospiza  beUa,  gen.  et  sp.  nov. 

Wings  rather  long,  pointed.  Tail  (apparently)  f  about  two- 
thirds  tne  length  of  the  wing,  rounded  or  graduated,  the  outer 
feathers  (as  preserved)  being  much  shorter  than  the  inner. 
One  side  shows  distinctly  six  rectrices.  Tarsus  short,  its 
length  a  little  less  than  that  of  the  middle  toa  Lateral  toes 
subequal,  scarcely  shorter  than  the  middle  one.  Hind  toe 
aboat  two-thirds  as  long  as  the  middle  toe.  Feet  and  toes 
strictly  those  of  a  perching  bird,  and  the  prop)ortionate  length 
of  the  bones  of  the  fore  and  bind  limbs  is  the  same  as  in 
ordinary  arboreal  Passeres,  especially  as  represented  by  the 
Tanogridce.  • 

*  From  the  Bulletin  of  the  Qeological  and  Greographical  Survey  of  the  Terri- 
tories, vol.  iv,  No.  2,  page  443,  April.  IK 7  8. 

+  The  character  of  the  tail  is  given  with  reservation,  since  it  is  not  quite  cer- 
ttin  ttiat  the  whole  of  the  tail,  or  that  the  exact  form  of  the  terminal  portion,  is 
ahown,  e8peoiall7  as  the  preserved  impression  is  somewhat  unsymmetrical. 
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One  of  the  specimens  affords  the  following  measurements  : 


Inches. 


Ilumems,  length 080 

Forearm,  length 0'96 

Manns,  length 1'02 

Coracoid,  length 0*72 

Clavicle,  length 0*63 

Tibia,  length 1-00 

Tarsus,  length 0*60 


Inchee. 

Middle  toe  and  claw 0*65 

Claw  alone 0-20 

Hind  toe  and  claw 0*37 

Claw  alone 0'16 

Wing 3-60 

Tail  (approximate) 2*70 

Total  length  (approximate)  6*85 

The  bones  still  rest  in  the  original  matrix,  and,  being  some- 
what crushed  and  flattened,  do  not  admit  of  detailed  descrip- 
tion and  comparison  with  other  types.  The  furculum  is  well 
preserved,  and  the  limb-bones  are  all  in  place  in  their  natural 
relation.  The  stemam  is  unreoognizabla  The  position  of  the 
cervical  series  of  vertebrsd  and  the  general  outline  of  the  skull 
can  be  traced  ;  bat  no  stractaral  characters  of  the  head  can  be 
distinguished,  except  the  proximal  portion  of  the  mandible.  The 
lone  bones  all  preeent  a  well-marked  longitudinal  groove,  due 
evidently  to  compression  and  fractura  Tliis  groove  is  distinctly 
traceable,  even  in  such  slender  bones  as  tibiae,  tarsi,  and  clavicles. 
In  point  of  sixe,  while  the  furculum  and  the  bones  of  the  wing 
have  all  about  the  same  length  as  the  corresponding  parts  in 
Ampelis  cedrarum,  they  apparently  are  considerably  stouter. 
Their  greater  breadth  may,  however,  be  due  simply  to  flatten- 
ing from  pressure.  The  tibiae  and  tarsi  are  a  little  shorter  than 
in  the  species  last  named,  but  the  difference  is  only  slight. 

The  most  remarkable  feature  of  the  specimen  is  the  deBnite- 
ness  of  the  feather  impressions.  Both  the  shafts  and  the  barbs 
arc  shown  with  great  distinctness  in  the  rectrices,  and  the  tips 
of  the  primaries  of  one  wing  are  also  sharply  defined,  over- 
lying the  edge  of  the  partly  expanded  tail.  The  tip  of  the 
opposite  wing  can  also  be  seen  beneath  the  tail.  The  feet  are 
so  beautifully  preserved  that  even  the  claws  are  perfectly  dis- 
tinct    (Fig.  1.) 

Another  specimen  from  the  same  locality,  and  probably 
representing  the  same  species,  consists  of  the  tip  of  the  tail 
and  about  the  apical  third  of  a  half-expanded  wing.  (Fig.  2.)  In 
this  example  tne  tail  is  also  pointed  and  graduated.  About 
seven  of  the  outer  primaries  of  the  wing  are  shown  with  great 
distinctness,  and  two  others  can  be  easily  made  out  The  third 
primary  is  the  longest ;  the  second  is  slightly  shorter ;  the  first 
and  fourth  are  about  equal.  There  are  also  in  the  collection 
three  detached  contour  feathers  of  small  size,  but  whether  per- 
taining to  the  same  species  as  the  other  specimens  cannot,  of 
course,  be  determined. 

The  larger  specimen,  first  described,  is  divided  into  an 
upper  and  a  lower  half,  the  greater  part,  however,  adhering  to 
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the  lower  slab.  The  bones  adhere  aboat  equally  to  the  two 
faces.  The  dntwiog  is  made  from  the  lower  slab,  with  some 
of  the  details  filled  in  from  the  upper  od&  The  feather  im- 
pressions are  about  equally  distinct  on  both,  and  where  in 
either  case  the  bones  are  absent,  exact  molds  of  them  remain, 
so  that  the  structure  can  be  seen  and  measurements  taken  almost 
equally  well  from  either  slab,  except  that  nothing  anterior  to 
the  breast  is  shown  on  the  upper  slab. 


The  species  here  described  is  of  special  interest  as  being  the 
first  fossil  Passerine  bird  discovered  in  North  America, 
although  birds  of  this  group  hare  been  known  for  many  years 
from  the  Tertiary  deposits  of  Europe.  The  highest  extinct 
ornithic  type  hitherto  known  from  America  is  a  Picarian  bird 
{Uintornis  lucaris)  related  to  the  Woodpeckers,  described  by 
Professor  0.  C.  Marsh  in  1872,  from  the  Lower  Tertiary  of 
Wyoming  Territory.  Probably  the  insect-bearing  shales  of 
Colorado  will  afford,  on  further  exploration,  other  types  of  the 
higher  groups  of  birds. 

For  ttie  opportunity  of  describing  these  interesting  specimens 
I  am  indebted  to  Mr.  S.  H.  Scudder,  who  obtained  tnem  during 
hia  last  season's  (1877)  explorations  of  the  Florissant  insect-bed& 
The  Bpecimena  are  now  the  property  of  the  Boston  Societv  of 
Natural  History,  My  tbanks  are  due  to  Mr.  J.  H.  Blake' for 
the  great  care  with  which  he  has  executed  the  drawings. 

In  conclusion,  I  may  add  that  in  1871  I  obtained  a  few  dis- 
tinct impressions  of  feathers  from  beds  of  the  same  age  and  from 
near  the  same  locality.  The  first  fossil  feather,  to  my  knowl- 
edge, discovered  in  North  America,  was  obtained  by  t)r.  P.  V. 
Hayden  in  1869,  from  the  freshwater  Tertiary  deposits  of 
Green  River,  Wyoming  Territory,  This  was  described  by 
Professor  0.  C.  Marsh  in  1870,*  who  refers  to  it  as  "the  distal 
portion  of  a  lart<e  feather,  with  the  shaft  and  vane  in  excellent 
preservation." 

•  Thia  Journ ,  II,  toI.  li.  p.  iU,  1810. 
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Art.  LVIII. — Experiment  for  lUxistrating  the  Terrestrial  Elec- 
trical Currents;  by  Professor  Wm.  LeRoy  Broun. 

The  following  experiment  enables  a  lecturer  to  exhibit  to  a 
large  aadience,  in  a  very  simple  way,  the  action  of  the  currents 
of  electricity  that  pass  arouna  the  earth.  The  experiment  was 
suggested  on  reading  an  article  by  Professor  J.  W.  Mallet, 
in  the  Philosophical  Magazine  for  iNovember,  1877. 

A  rectangular  frame  was  made  of  light  poplar  wood,  of 
section  three  by  two  centimeters,  whose  sides  were  in  length  a 
fraction  over  a  meter,  and  in  breadth  three-fourths  of  a  meter. 
About  the  perimeter  of  this  rectangular  frame  were  wrapped 
twenty  coils  of  insulated  copper  wire :  each  extremity  oi  the 
wire  was  n)ade  to  terminate  near  the  center  of  one  of  the 
shorter  sides,  and  passing  through  the  wooden  frame  was 
fastened  and  cut  on  about  three  centimeters  from  the  frame. 
This  rectangular  frame  was  then  so  suspended,  in  a  horizontal 
posttioD,  by  wires  attached  to  the  frame  of  an  ordinary  hydro- 
static balance,  that  the  longer  sides  were  at  right  angles  with 
the  beam.  By  adjusting  weights  in  the  pans  the  index  of  the 
balance  was  brought  to  the  zero  point  Two  small  orifices 
bored  in  a  block  of  wood,  a  centimeter  apart,  served  as 
mercury  cups  in  which  the  extremities  of  the  short  terminal 
wires  were  immersed.  Near  the  bottom  and  through  the  walls 
of  these  wooden  cups  were  screwed  small  brass  hooks,  which 
served  as  connections,  to  which  the  wires  of  the  battery  were 
attached.  The  balance  was  now  so  placed  that  the  longer  sides 
of  the  suspended  rectangle  were  at  right  angles  with  the  magnetic 
meridian  or  in  the  magnetic  east  and  west  line. 

When  the  current  from  the  battery  was  made  to  pass  around 
the  rectangle  from  east  to  west  on  the  northern  side,  and  from 
west  to  east  on  the  southern  side,  by  the  theory  of  terrestrial 
magnetism,  the  northern  side  of  the  rectangle  would  be  at- 
tracted and  the  southern  side  repelled,  and  that  this  was  so,  the 
corresponding  deflection  of  the  balance  rendered  plainly  visible. 
When  the  current  was  reversed  the  deflection  was  in  the  oppo- 
site direction.  By  breaking  and  closing  the  circuit  at  proper 
intervals  to  augment  the  oscillations,  the  large  frame  was  reaaily 
made  to  oscillate  through  an  arc  of  five  degrees.  When  the  sides 
of  the  rectangle  were  placed  northeast  and  southwest  the  current 
produced  no  sensible  effect  A  bichromate  of  potash  battery 
of  sixteen  cells  with  plates  of  zinc  and  carbon,  twenty-five  by 
six  centimeters,  was  used. 

With  a  rectangle  containing  a  larger  number  of  coils  of 
wire,  attached  to  a  very  delicate  balance,  by  using  a  constant 
acting  battery,  the  variation  in  the  magnetism  of  the  earth 
might  thus  be  advantageously  observed. 
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SCIENTIFIC    INTELLIGENCE. 
L  Chamistbt  and  Physics. 

1.  On  the  SpeeiJU  Heat  of  BtryUittm, — Nilson  and  PmnrKiUBOir 
of  the  University  of  Upesla  have  determined  earefolly  the  specific 
heat  of  beryllinm,  with  a  view  to  decide  upon  the  position  of  this 
metal  among  the  elements.  It  was  prepared  by  decomposing  the 
fused  chloride  with  sodium  in  slight  excess  in  an  iron  cylinder, 
heated  to  bright  redness.  On  opening  the  apparatus  after  cooMnff, 
the  upper  portion  contained  a  netw<Nrk  of  brilliant  microscopic 
crystiAs  of  metallic  beryllium,  some  of  them  appearing  even  to 
the  naked  eve  distinctly  prismatic,  often  abnegated  in  dendritic 
masses  of  toe  color  and  luster  of  steeL  ^lere  were  found  also 
some  fused  globules  of  the  metal,  of  which  the  largest  had  a 
diameter  of  two  millimeters.  Beryllium  is  permanent  in  the  air, 
does  not  evolve  hydrogen  ^as  with  water  even  on  boiling,  is  easQy 
soluble  in  dilute  acids  and  m  alkali  hydrates,  with  active  evolution 
of  hvdrogen,  is  not  attacked,  even  at  a  red  heat,  by  oxygen  or 
sulphur,  and  bums  readily  in  a  current  of  chlorine  tbmiing  the 
chloride.  On  analysis,  the  metal  gave  of  beryllium  87*09  per  cent; 
of  beryllium  oxide  9*84  ;  of  iron  2*08 ;  and  of  silica  0*99=:  100*00. 
Its  specific  gravity  at  9^  C,  was  1*9101 ;  or,  allowii^  for  the 
impurities  present,  the  specific  gravity  of  pure  beryllium  is  1-64. 
The  specific  heat  was  determined  in  Bnnsen's  ice  calorimeter,  by 
Schulfer  and  Wartha's  modification.  The  specific  heat  of  beryl- 
lium oxide  was  found,  in  a  preliminary  experiment,  to  be  0*2471 
between  0^  and  100^  C.  As  the  result  of  four  experiments,  the 
specific  heat  of  pure  beryllium  was  obtained  as  0*4107,  0*4144, 
0'4001  and  0*4064,  giving  as  a  mean  the  value  0*4079.  As  with 
this  specific  heat  the  atomic  heat  would  be  3*75  only,  if  the  atomic 
weight  of  beryllium  be  taken  at  9*2,  but  would  be  6*63  or  normal, 
if  the  atomic  weight  be  assumed  as  13*8,  it  follows  that  beryllium 
belongs,  not  to  the  magnesium  ^roup,  but  to  that  of  aluminum, 
that  Its  atomic  weight  is  13*8,  its  specific  heat  0*4079,  and  that 
beryllium  oxide  is  Be,0,  as  Berselius  claimed. — Ber.  JBerL  Chmn, 
Oes,y  xi,  381,  March,  1878.  o.  f.  & 

2.  On  a  new  SyrUhenB  of  Clones. — ^Eltbkoff  has  succeeded  in 
effecting  a  new  synthesis  of  hydrocarbons  of  the  general  formula 
CaH,o,  by  heating  together  for  seven  or  eight  hours  molecular 
quantities  of  pentylene  (prepared  from  commercial  amylene),  and 
methyl  iodide  to  210°-215''  with  an  excess  of  anhydrous  lend 
oxide.  The  product,  freed  from  lead  iodide  and  methyl  oxide^ 
which  distilled  completely  between  36^  and  85^,  consisted  to  the 
extent  of  one  third,  of  a  mixture  of  C,H,,  and  CJBL,^  boiling  from 
70^  to  83^.  This  fraction  combined  energetically  with  bromine, 
yielding  a  Rolid  compound  fusing  at  139^-140°,  volatile  vrith  ps^ 
tial  decomposition,  and  having  the  ioi*mula  C^H^^Br,.  Also  with 
sulphuric  acid,  a  liquid  and  a  solid  body  separating  out  on  dila- 
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tion,  the  latter  having  a  characteristic  camphor-like  odor,  easily 
volatile  in  a  current  of  steam,  crystallising  from  weak  alcohol 
in  lone  needles  fasins;  at  75^-76^  and  having  the  formula 
(C,H,,0),.H X).  It  is  therefore  pentamethylethol  hydrate.  Fum- 
ing hydrochloric  acid  also  gave  with  this  fraction  a  solid  product 
reoalline  utrongly  camphor,  boiling  for  the  most  part  between 
120^  and  125*,  and  fosine  at  100^  Analvsis  showed  it  to  be  a 
mixture  of  C.U,^C1  and  C,H,^G1.  Hence  by  the  above  reaction  a 
hezyleoe  and  a  heptyleue  are  produced,  the  structure  of  which 
the  author  is  engaged  in  investigating. — JBer.  JBerL  Chem.  G€S,j 
xi,  412,  March,  1878.  o.  f.  b. 

8.  IVanqforfnation  of  Ol^ne  bromidei  into  bromides  ofradicaU 
of  the  FoUty  Acide^  by  the  simple  addition  of  Oxyaen, — Dsmols, 
hoping  by  the  direct  addition  of  oxygen  to  the  brominated 
oleftnes,  to  obtain  mono,  di,  or  tribrominated  derivatives  of  an 
oxide  of  the  define,  made  the  experiment  and  observed  that 
dibromethylene  in  presence  of  air  changed  readily  into  a  solid 
Bubetauce.  Repeating  the  experiment  with  pure  oxygen,  50 
ffraiBB  of  dibromethylene  was  placed  in  a  100  cc.  flask,  the  air 
displaoed  b^  dry  oxygen,  the  flask  closed  with  a  rubber  cork  and 
strongly  agitatei  f<Nr  several  minutes.  The  temperature  rose  and 
the  cork  was  strongly  pressed  inward.    This  operation  was  re- 

Kited  80  or  40  times  until  the  oxygen  was  no  longer  absorbed, 
e  liquid,  now  at  55^  C,  was  of  a  clear,  yellow  color,  fumed  in 
the  air,  was  strongly  aoid,  and  contained  a  small  quantity  of  the 
BoHd  bodv.  On  tractioning,  a  product  was  obtained  boiling  at 
147^-148  ,  possessing  the  formula  and  all  the  properties  of 
bromaoetyl  bromide  (C,H,6rO)Br.  The  reaction  therefore  is 
CHBr  CH,Br 

CHBr       ""  ^^^^  '    ^°  boiling  the  bromide  with  water,  a  crys- 

ir 
tallized  acid  was  obtained,  which  was  bromacetio  acid.    Tribro- 
minated ethylene  also  absorbs  oxygen  under  similar  conditions, 
and  yields  dibromacetyl  bromide. — BulL  8oc.  Ch,^  II,  xxix,  204, 
March,  1878.  g.  f.  b. 

4.  C/n  a  Remarkable  Reliction  of  Boric  add  and  Borax  with 
the  Polyatomic  Alcohols. — Klein  has  observed  that  when  a  mix- 
ture of  a  solution  of  borax  and  one  of  mannite  is  made  in  such 
prcportions  that  less  than  half  a  molecule  of  borax  acts  on  a 
molecule  of  mannite,  the  resulting  liquid  is  acid.  This  reaction  is 
noi  confined  to  mannite,  but  occurs  also  with  glycerin,  erythrite, 
leralose,  dextrose,  a  and  p  galactose,  so  that  a  piece  of  litmus 
paper  placed  in  the  liquid  takes  a  strong  onion-red  tint,  and  the 
mixture  itself  decomposes  carbonates.  Moreover,  if  one  of  the 
above  named  polyatomic  alcohols  in  solution,  be  mixed  with  a 
solution  of  boric  acid,  so  dilute  that  it  no  longer  reddens  litmus, 
there  is  at  once  developed  a  decided  acid  reaction,  which  turns 
litmus  onion-red.  The  alkali-earthy  borates  behave  in  the  same 
way  as  borax.^  In  a  subsequent  paper,  Klein  gives  the  results  of 
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his  experiments  to  test  the  extreme  delicacy  of  the  boric  acid 
reaction.  If  one  cubic  centimeter  of  a  j^^rw  solution  of  boric  acid 
(just  perceptibly  acid  to  test  ^per)  be  mixed  with  10  c.  c.  of  a 
15  per  cent  solution  of  mannite,  a  strong  acid  reaction  is  de- 
veloped turning  litmus  paper  onion-red  at  once.  A  i^l^^  solu- 
tion of  borax,  which  is  neutral,  when  2  c.  c  are  mixed  with  10  c  a 
of  the  mannite  solution,  gives  a  bright-red  at  once.  Five  c  c.  of 
a  jA^\^^  solution  added  to  5  c.  c.  of  the  mannite  solution,  gave  a 
decided  acid  reaction  at  the  end  of  a  minute.  Quantitative  ex- 
periments showed  that  the  alkali  re<|uired  to  neutralise  the  acidity 
thus  produced,  was  the  exact  quantity  needed  to  form  the  mono- 
metaborate. — JBiUL  Soc  CK^  11,  xxix,  195,  198,  March,  1878. 

o.  F.  B. 

5.  On  the  Products  of  the  Distillation  of  Resins  and  resin 
Acids  with  Zinc  dusL^CiAMiciAV  has  studied  the  products 
obtained  by  the  distillation  of  common  resin  (colophony)  and  of 
its  acid  abietic  acid,  with  zinc  dust.  The  acid  was  prepared  by 
Maly's  method,  and  was  obtained  in  white  cirstala.  It  was 
mixed,  in  portions  of  20  grams  with  10  grams  of  xinc  dust,  and 
distilled  in  a  wide  combustion  tube  in  a  current  of  hydroeen. 
From  600  grams  abietic  acid,  260  cubic  centimeters  of  distillate 
were  obtained,  which  on  fractioning,  gave  toluene,  metaethyl- 
methyl-bens^ne,  naphthalene,  methyl  naphthalene,  and  methyl- 
anthracene.  Colophony  itself,  when  thus  distilled  gave  the  same 
products,  and  in  aoout  the  same  proportion  with  the  exception  of 
toluene,  which  was  present  in  much  smaller  quantity.  On  distill- 
ing gum-benzoin  with  zinc  dust,  toluene,  xylene,  naphthalene, 
and  methyl-naphthalene  were  obtained.— J9er.  JBerL  Ckenu  Oes,^ 
xi,  269,  Feb.  1878.  g.  f.  b. 

6.  On  the  Triacid  Phenols  of  Wood  Tar  and  on  the  Synthesis 
of  Cedriret. — The  lower  fractions  of  wood  tar  having  proved  so 
interesting,  Hofmakn  has  undertaken  the  examination  of  the 
fractions  of  higher  boiling  point,  with  especial  reference  to  the 
beautiful  body  called  cednret  by  Reichenbach  and  oodralignone 
by  Liebennann.  He  has  succeeded  in  proving  the  presence  of  a 
whole  series  of  triacid  {)henols  in  this  portion  boilinff  between 
240^  and  290%  two  of  which  he  now  describes.  One  of  these,  an 
oily  body,  having  the  formula  C,jU,,0,,  forms  a  crystalline  sub- 
stance with  alkalies,  and  boils  at  285^.  Treated  with  acetic 
oxide,  it  yields  an  acetyl  derivative  C„H  (C,H,0)0„  which  with 
bromine  gives  a  bromo-com pound  C„H„Br,(C,H,0)0^  Heated 
to  130^  with  hydrochloric  acid,  torrents  of  methyl  chloride  are 
evolved,  and  a  crystallized  body  is  obtained  having  the  formula 
C,H,,0,.    This  Hofmann  regards  as  a  higher  homologue  of  pynh 

gallic  acid,  thus  C.H,  \  OH ;  the  methyl  derivative  C„H..O.  be- 

(OH  11    u  » 

(  OCH,  (  OCH, 

ing  C.H,  \  OCH,  and  its  acetyl  compound  C,H,  \  OCH.    .    Since 
(  OH  /  OC,H,0 
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in  the  latter  body,  bromine  replaces  two  hydrogen  atoms,  the 
anther  belieyes  the  original  bodj  to  be  the  aimetnyl  ether  of  a 
propylated  triozybensene,  or  dimethyl  propyl-pyrogallate.  On 
oziaation  it  yields  a  quinone  C,H  O^  and  this  on  reduction  a 
hydroquinone  G,H  O^.  The  second  substance  obtained  from  the 
wood  tar  was  isolated  with  difficulty  and  had  the  formula 
C.H  O^.  It  formed  splendid  white  prisms  meltine  at  51^-52^ 
and  boiling  at  253^  Concentrated  hydrochloric  acid  heated  with 
it  in  a  dofed  tube  decomposed  it,  evolvine  methyl  chloride  and 
adOfording  a  crystallized  substance  of  the  formula*  C,H,0,,  which 
was  pyrogallic  acid  (pyrogallol).     Hence  the  original  substance 

(  OCH. 
was  the  dimethyl  ether  of  pyrogallic  acid  C^H,  •<  OCH^     By  the 

(OH 
action  of  ozidinng  agents,  most  conveniently  potassium  dichro- 
mate,  it  is  converted  into  the  ma^ificent  steel-blue  needles  of 
cedriret.  In  proof  of  this  as  the  origin  of  the  cedriret  of  Reichen- 
Imcb,  Hofmann  prepared  this  dimethyl  ether  synthetically  and 
found  that  it  gave  identically  the  same  product  on  ozidation. — 
Ber.  Berk  Chem.  Oes.^  zi,  329,  Feb.  1878.  g.  f.  b. 

7.  On  the  Constituents  of  CorcUlin. — ^Zulkowsky  has  ez- 
amined  the  corallin  of  commerce  and  finds  it  to  be  a  miztnre  of 
at  least  eiz  different  bodies :  Ist,  a  coarsely  crystalline  garnet-red 
body  with  blue  luster,  of  the  composition  C^fi^fi^ ;  2d,  a  deriva- 
tive of  this,  in  small  violet  needles,  C^,H,,0,;  3d,  a^reen  body 
crystallizing  in  needles  with  a  metallic  luster,  C,,Hj,0, ;-  4th,  the 
hydro-compound  of  this,  C^H  O, ;  5th,  a  gummy  amorphous 
body,  colorless  when  pure;  and  6th,  the  ozidation  product  of 
this,  a  deep  red  amorphous  powder,  showing  metallic  luster,  re- 
sembling Baeyer's  derivative  from  phthalidem  and  phenol. — JBer. 
Bert  Chem.  Oes,j  zi,  391,  March,  1878.  g.  f.  b. 

8.  On  Curarine, — Sachs  has  ezamined  the  active  substance  of 
curare  and  finds  it  to  be  an  alkaloid  of  the  composition  NC  H 
which  he  calls  curarine.  In  the  curare  the  alkaloid  is  combined 
with  sulphuric  acid  as  sulphate.  The  statements  of  Preyer  he 
finds  to  be  incorrect.  Yanous  reactions  of  the  alkaloid  are  given 
in  the  original  paper. — Liebig*s  Ann.^  czci,  264,  Feb.  1878. 

G,  F.  B. 

8.    Protection  of  Marine  Boilers. — In  marine  steam  engines 

with  surface  condensers,  in  which  the  water  from  the  condensed 

steam  is  returned  directly  to  the  boiler,  the  boiler  plates  become 

rapidly  corroded  by  the  fat  acids  derived  from  the  lubricators, 

and,  moreover,  the  water  condensed   from  the  steam  with  the 

nanal  apparatus-— even  after  filtering  through  animal  black — is 

unfit  for  drinking  and  culinary  uses.     lA.  Hetet,  chemist  to  the 

French  marine,  has  removed  these  serious  inconveniences  by  the 

use  of  lime-water,  which  he  prepares  as  needed,  and  injects  into 

the  ^^feed  pipe"  in  regulated  quantities  by  very  simple  means. 

Tlie  lime  soap  which  forms  assumes  a  granular  condition  and  falls 

to  the  bottom  of  the  boiler,  from  which  it  is  easily  ^  blown  out,'' 

Ax.  JooB.  8oi.— Thibd  Sbrirs,  Vol.  XV,  No.  89.— Mat.  1878. 

26 
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while  the  water  obtained  trom  the  Bteam  is  perfectly  potable.  M. 
H^tet  gives  evidence  that  his  method  has  been  thoroo^hly  tried 
with  entire  soceess. — Ann.  de  Chim.  ft  de  Phys.  (5),  xiii,  29. 

J.  p.  a,  JB. 
9.  BcToeie  Acid. — M.  Alfrkd  Ditts  (Ann.  de  Chim.  et  Fhjs^ 
(fi\y  xiii,  67)  has  made  some  new  determinations  of  the  ^  heat  of 
solution  ^  of  boric  hydrate,  and  also  of  the  ^  heat  of  hydration  ^ 
of  boric  oxide,  which  have  led  to  remarkable  results.  It  appears 
from  his  experiments  that  one  equivalent  (62  grams)  of  Doric 
hydrate  in  dissolvine  in  213  equivalents  of  water  absorbs  8186*7 
units  of  heat,  and  that  one  eonivalent  (86  grams)  of  boric  oxide 
(fused  boracic  acid)  in  combining  with  water  absorbs  6254'7 
units  of  heat,  taking  as  the  value  in  each  case  the  mean  of  several 
experiments.  It  is  thus  evident  that  although  the  heat  of  hydra- 
tion is  very  large  the  heat  absorbed  by  the  hydrate  in  dissolving 
is  likewise  large,  amounting  to  more  than  one-half  of  the  previous 
quantity,  and  hence  on  dissolving  the  anhydride  in  the  large 
mass  of  water  required  for  its  solution  the  devation  of  tempera- 
ture is  not  conriderable.  But  if  we  add  to  the  anhydride  in  fine 
powder  only  a  small  quantity  of  water — yet  an  excess  oyer  that 
required  for  its  hydration— for  example,  double  its  own  weight, 
and  then  stir  the  mixture,  the  powder  immediately  swells  while 
absorbing  water,  and  at  the  same  time  so  much  heat  is  evolved 
that  the  temperature  of  the  mass  rises  to  100^  C,  and  the  excess 
of  water  is  driven  off  as  steam ;  the  phenomena  recalling  those  so 
familiar  in  the  slacking  of  lime.  From  the  specific  heat  of  boric 
hydrate,  M.  Ditte  calculates  that  with  the  exact  amount  of 
water  required  to  form  the  hydrate,  and  assuming  that  none  of 
the  heat  was  dissipated,  the  temperature  of  the  mass  would  be 
raised  to  283^.  M.  Ditte  finds  that  for  the  specific  gravity  of 
boric  oxide  at  12^  the  value  (^=31*8476,  and  at  80^  the  value 
d=:  1*6988.  Hence  we  obtain  for  the  coefficient  of  expansion 
between  these  limits  the  value  A:=0*0013.  He  also  has  detei^ 
mined  the  corresponding  values  for  boric  hydrate. 

At    0**  d=  1-6463         Between  12°  and  60''  iE;=:0-00154 

12'  d=l'5172  "         12**  and  80**  4=0-00148 

14°  d=l-6l28 

60''  tf=l-4166 

80**  d=l-3828 

Further,  it  appears  that  the  mean  density  of  the  boric  oxide 
and  ice,  which  may  be  regarded  as  united  in  the  hydrate,  is 
1*3003,  while  that  of  boric  hydrate  at  O''  is  1*5463.  There  must, 
therefore,  be  a  considerable  degree  of  condensation  in  the  act  <i 
combination,  which  of  course  would  be  attended  with  evolutioo 
of  heat.  The  amount  of  heat  thus  evolved  is  equivalent  to  that 
which  would  be  required  to  expand  the  boric  hydrate  sufficiently 
to  reduce  its  density  to  1*300.  This  amount  can  readily  be  cal- 
culated from  the  coefficient  of  expansion  and  the  specific  heat 
already  known,  and  it  is  found  that  the  temperature  required 
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woald  be  186^  and  the  amount  of  heat  absorbed  2982*2  units. 
Evidently  then  lees  than  one-half  of  the  heat  of  hydration  is  due 
to  this  canse.  M.  Ditto  has  also  determined  the  solnbility  of 
boric  hydrate  at  various  temperatures,  and  lastly,  he  has  found 
the  means  of  crystallizing  the  hydrate  in  hexagonal  prisms  of 
considerable  size  which  have  an  easy  basal  cleavaga  The  crystals 
were  obtained  by  the  spontaneous  evaporation  of  an  aqueous  solu- 
tion acidulated  with  acetic  acid  and  containing  also  in  solution 
argentic  nitrate.  Analysis  showed  that  these  crystals  were  pure 
boric  hydrate.  j.  p.  a,  jr. 

10.  JbaUing  Point  o^  Iodide  of  Antimony. — In  continuation  of 
the  writer's  investigations  on  the  Haloid  Compounds  of  Antimony, 
the  boilinff  point  of  antimonious  iodide  has  oeen  determined  by 
Mr.  W.  £  Bennett,  student  in  the  chemical  laboratory  of  Har- 
vard College.  The  observations  were  made  with  Regnault's  air 
thermometer,  but  it  was  found  possible  to  simplify  very  greatly 
the  details  of  the  process  without  seriously  impairing  the  accu- 
racy of  the  result.  For  temperatures  above  the  range  of  a  mercury 
thermometer,  measurements  accurate  to  one  degree  centigrade  are 
all  that  the  uncertain  conditions  of  most  problems  permit,  and  all 
therefore  that  the  circumstances  demand.  As  used  by  Regnault, 
the  air  thermometer  is  capable  of  measuring  such  temperatures 
accurately  to  the  one-tenth  of  a  degree  and  by  multiplying  obser- 
vations possiblj  to  the  one-hundredth  of  a  degree.  In  his  admira- 
ble investigation  of  the  boiling  point  of  sulphur  at  different 
temperatures,  the  observations  of  temperature  are  undoubtedly 
accurate  to  this  extent,  but  Regnault's  own  discussion  of  these 
observations  plainly  indicates  that  there  must  have  been  unknown 
or  accidental  causes  influencing  his  experiments,  which  render 
the  results  uncertain  to  at  least  one  degree,  and  the  boiling  point 
of  sulphur  is  still  in  doubt  to  this  extent.  It  should  be  aaded, 
however,  that  there  are  only  a  very  few  boiling  points  which  are 
known  more  accurately;  for  even  when  withm  the  range  of  a 
mercury  thermometer  an  observation  of  a  boiling  point  to  be 
accurate  to  a  tenth  of  a  centigrade  degree  requires  an  attention 
to  circumstances  which  is  seldom  bestowed  on  such  obser^'ations. 

The  glass  thermometer  bulb  used  in  our  experiments  is  repre- 
sented m  the  accompanying  figure  of  one-half  the  actual  size  in 


its  linear  dimensions.  The  longer  stem  was  made  of  fine  ther- 
mometer tube,  and  a  shorter  stem  was  added  to  the  opposite  end 
of  the  bulb  in  order  to  facilitate  the  cleaning,  drying,  filling,  or 
emptying  of  the  interior — all  of  which  was  easily  accomplished 
by  the  aid  of  a  Bunsen  pump.  The  shorter  stem  was  of  course 
s^ed  after  the  bulb  had  been  dried  and  made  ready  for  use,  and 
before  it  was  immersed  in  the  medium  whose  temperature  was  to 
be  measured.  After  an  equilibrium  had  been  established  at  this 
unknown  temperature  T',  the  protruding  end  of  the  longer  stem 
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was  sealed,  and  at  the  same  time  the  height  of  the  barometer  H 
was  noted.  The  bulb  was  then  taken  to  a  room  of  uniform  tem- 
perature provided  in  the  laboratory  for  ms  analysis,  and  after 
Deing  mounted  on  a  convenient  support,  the  end  of  the  stem  was 
broken  off  under  mercury,  and  the  apparatus  left  to  itself  for  a 
time  to  secure  a  perfect  equilibrium  of  temperature.  This  tem- 
perature (T'®)  was  then  observed  by  means  of  a  standard  ther- 
mometer hanging  near  jthe  bulb;  also  the  height  {h)  to  which 
the  mercury  had  risen  in  the  bulb  was  measured  by  a  cathetom- 
eter,  and  in  addition  the  height  H'  of  the  barometer  (hanging  in 
the  same  room)  was  again  noted.  Closing  now  the  open  stem 
with  the  finger,  the  bulb  was  quickly  inverted  and  the  containing 
mercury  drawn  out  into  a  tared  vessel  and  weighed  (nipping  off 
the  end  of  the  shorter  stem  in  order  to  admit  the  air).  This 
gave  the  weight  w.  Lastly,  the  bulb  and  stems  having  been 
completely  filled  with  mercury  by  suction,  the  weight  ^W)  cor- 
responding to  their  total  capacity  was  obtained  in  a  similar  way. 
The  required  temperature  could  now  be  calculated  by  means  of 
the  following  formula,  which  is  easily  deduced  from  the  well- 
known  law  of  Charles : 

T^+273^2=(r°+278"-2)^^ .  g^[i+(T-T')<>;fe]. 

It  will  be  noted  that  as  the  mercury  columns,  including  the 
heights  of  the  barometer,  were  all  measured  at  the  same  constant 
temperature,  and,  as  we  are  dealing  with  relative  values  only,  no 
reductions  are  necessary.    Moreover,  an  error  of  one-tenth  of  a 

millimeter  in  the  value  of  rp — v  would  make  in  determining  the 

boiling  point  of  sulphur  (448^)  a  difference  of  only  one-eighth  of 
a  degree,  so  that  measurements  of  these  heights  are  sufficiently 
close  if  accurate  to  one-half  a  millimeter,  and  might  even  be 
made  with  a  common  rule.  The  most  uncertain  element  in  the 
formula  is  the  expansion  of  glass,  but  if  the  bulbs  are  made  of 
flint  glass  (lead  glass)  tubing,  such  as  is  used  for  ornamental 
ware,  the  mean  coefficient  of  expansion  will  vary  very  little  from 
0*000025  if  the  temperature  does  not  exceed  that  at  which  ^e 
glass  begins  to  soften.  The  rate  of  expansion  of  flint  glass  is  not 
only  less  than  that  of  crown,  but  it  is  also  more  constant  and 
increases  very  slowly  with  the  temperature.  Flint  glass  is  there- 
fore the  better  adapted  for  the  use  we  are  describing.  The 
expansion  of  the  glass  used  in  our  experiments  was  carefully 
determined  and  found  to  have  the  value  given  above,  within  two 
or  three  tenths  of  a  unit  in  the  last  place.  A  difference  of  one 
unit  in  this  place  would  make  a  difference  of  one-third  of  a  degree 
in  the  boiling  point  of  sulphur. 

In  order  to  test  the  accuracy  of  the  method,  Mr.  Bennett  made 
four  determinations  of  the  boiling  point  of  sulphur  under  differ- 
ent barometric  conditions,  which  in  the  following  table  are  com- 
pared with  the  results  of  Regnault  reduced  to  the  corresponding 
pressures : 
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^                                               Boiliiur  Point  of  Sulphur. 
Barometer.  — 1 . 1 » 

Height  at  0^  Bennett  Begnault  DifC 

768-8  AAn"'^  UVZ  +1 

763-9  448  '2  447   7  +5 

769*6  448  '2  448  '1  +1 

776-7  448   2  448   7  -6 

Average  diiEerenoe, -05 

Regnanlt  made  eight  observations  on  the  maximum  tension  of 
sulphur  vapor  at  temperatures  varying  from  887°*64  to  564^-03, 
and  from  a  discussion  of  these  deduced  the  constants  of  an  ex- 
ponential formula  bj  which  he  calculated  a  table  of  maximum 
tensions  for  every  ten  degrees  between  the  extreme  limits,  and 
also  plotted  a  corresponding  curve.  It  so  happens,  however,  that 
the  only  two  observations  within  the  range  of  ordinary  atmos- 
pheric pressure  fall  outside,  and  on  the  same  side,  of  this  assumed 
curve,  lliese  observations  are  the  ones  usually  taken  as  indicat- 
ing the  boiling  point  of  sulphur,  and  Victor  Meyer  in  his  method 
of  determining  the  density  of  the  vapors  of  substances,  which 
have  a  high  boiling  point,  assumes  a  value  for  the  boiline  point 
of  sulphur  (at  the  mean  atmospheric  pressure  at  Zunch)  which  he 
obtains  by  simple  interpolation  from  the  two  observations  just  re- 
ferred to.*  In  like  manner  we  have  calculated  the  above  values 
corresponding  to  the  presures  at  which  Mr.  Bennett's  results  were 
obtained  on  the  basis  of  the  same  two  observations ;  but  instead 
of  simply  interpolating  by  first  differences  we  have  assumed 
that  tne  variation  between  the  two  observed  values  would 
follow  the  law  indicated  by  the  general  curve,  which  Regnault 
ffives  as  the  best  expression  for  all  his  observations.  But,  accord- 
rag  as  we  take  the  two  observations,  or  the  whole,  we  obtain 
viuues  for  the  boiling  point  of  sulphur  differing  by  more  than  a 
degree,  and  hence,  as  we  have  already  said,  there  is  still  an 
uncertainty  in  regard  to  the  boiling  point  to  this  extent.  As  is 
evident,  Mr.  Bennett's  observations  confirm  very  closely  the  inter- 
pretation of  Regnault's  results  adopted  both  by  Victor  Mever  and 
oy  ourselves,  but  since  the  boiling  point  of  sulphur  has  oecome 
such  an  important  constant  we  propose  to  have  the  observations 
repeated  under  the  most  favorable  conditions  we  can  command. 

After  the  accuracy  of  our  method  had  been  thus  placed  be- 
yond doubt  within  the  limits  required,  Mr.  Bennett  made  three 
determinations  of  the  boiling  point  of  antimonious  iodide-  #ith 
the  follow  results : 

Barometer.    Height  at  0°.  Boiling  Point  Sbl,. 
758-1  millimeters.  400*-4 

768-4  **  400*'-9 

769-3  "  401''-9 

Probably  only  a  small  part  of  the  differences  between  these 
observations  depends  on  tne  variations  of  pressure,  and  401°  is 
the  nearest  whole  number  of  degrees  to  the  ooiling  point  of  anti- 
monious iodide  at  the  normal  pressure  of  the  air. 

*Thi8  Journal,  III,  xiv,  484. 
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The  method  we  have  here  described  we  can  most  coDfidently 
recommend  as  a  most  efficient  and  accnrate  means  of  detennining 
high  temperatures  in  chemical  laboratories.  It  requires  no  expensive 
apparatus  and  no  more  delicate  manipulation  than  most  processes 
of  gas  analysis.  Indeed,  this  methoa  is  most  readily  associated 
with  Bunsen's  methods  for  gas  analysis,  like  those  being  most 
efficiently  conducted  in  a  room  of  constant  temperature. 

i,  c  p.,  JR. 

11.  The  Influence  of  the  deneUy  of  a  body  upon  Us  Light- 
abeorbing  power. — Professor  6lan  has  conducted  a  series  of  ex- 
periments with  chemically  pure  dento-sulphate  of  copper,  double 
chromate  of  potash,  solution  of  iodine  in  absolute  alcohol  and  sola- 
tion  of  iodine  in  siUphuret  of  carbon  upon  the  influence  of  density 
upon  the  absorption  of  lisht  by  these  substances.  He  used  a  photo- 
meter, described  in  Wied.  Ann.,  1,861, 1877,  with  which  by  means 
of  a  double  image  prism,  together  with  a  Nichols  prism,  be  could 
compare  the  absorption  spectra.  The  author  concludes  from  his 
experiments  with  the  aboye  mentioned  substances  that  if  there  is 
any  change  of  absorption  with  change  of  density  that  it  must  be 
yery  small  He  is  inclined  to  think  that  his  results  ^ve  eyidence 
of  this  slight  change.  He  also  compared  the  absorption  spectra  of 
fluid  bromine  and  bromine  yapor  and  detected  a  decided  change 
in  the  absorption  coefficient — Ann.  der  Physic  und  Chemiey  No. 
1,  1878,  p.  64.  J.  T. 

12.  (M  reflection  of  JPolarpsed  Zi^ht  from  the  JSgucUorial 
surface  of  a  Magnet. — ^Dr.  Kebb  details  his  optical  experiments 
at  full  length  upon  the  aboye  subject  His  previous  results 
appeared  to  him  to  be  confirmed.  In  the  present  paper  he 
notices  that  the  intensity  of  the  optical  effects  of  magnetization 
yaries  greatly  with  the  angle  of  incidence.  At  an  incidence  of 
85^  the  effects  are  very  faint ;  between  76^  and  60**  they  are  com- 
paratiyely  clear  and  strong,  and  at  80^  they  ^row  fainter  and 
similiar  to  the  effects  noticed  at  86°.  Dr.  Kerr  is  inclined  to  be- 
lieve that  the  effects  are  brought  out  better  by  reversals  of  mo- 
netizing currents  than  by  breaking  it,  in  the  case  of  steeL  He 
deduces  the  following  general  laws :  Itret  Law. — ^The  right- 
handed  current  conspires  with  a  small  right-handed  rotation  of 
the  analyzer  from  extmction,  and  so  forward.  Second  Law. — ^Tbe 
right-banded  current  conspires  with  a  small  left-handed  rotation  of 
the  polarizer  from  extinction,  and  so  forward.  These  laws  are 
subject  to  exceptions. — PhU,  Mag.^  March,  1878,  p.  161.       j.  t. 

1 3.  On  a  method  ofmeaauring  the  Velocity  of  Light ;  by  Albsbt 
A.  MicHELS02f,  Ensign  U.  S.  Nayy,  Instructor  in  Physics  and 
Chemistry,  U.  S.  Nayal  Academy.  (From  a  letter  to  the  Editors) 
— The  following  method  of  measuring  the  yelocity  of  light  dis- 
penses with  Foucault's  concave  reflector,  and  permits  the  use  of 
any  distance.    In  the  figure,  S  is  a  diyision  of  a  scale  ruled  on 

Slass;  M,  a  reyolying  plane  mirror;  L,  an  achromatic  lens;  S",  a 
xed  plane  mirror,  at  any  distance  from  L. 
The  point  S  is  so  situated  that  its  image  S'  refiected  in  the  mi^ 
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ror  M,  ig  in  one  focus  of  the  lens  L,  while  the  image  of  S'  coin- 
cides with  the  mirror  S",  which  is  placed  at  the  conjugate  focus. 
With  this  arrangement,  when  M  turns  slowly,  the  light  from  S"  is 
reflected  back  through  the  lens,  so  that  an  image  is  formed  which 
coincides  with  S.  When,  however,  the  mirror  rotates  rapidly, 
the  position  of  M  will  have  changed  while  the  light  travels  from 
M  to  S"  and  back  again,  so  that  the  image  is  displaced  in  the 
direction  of  rotation  of  the  mirror. 


Let  y  be  the  velocity  of  light ;  D,  twice  the  distance  M  S" ;  n, 
the  number  of  turns  per  second ;  r,  the  distance  M  S  and  S  the 

deflection ;  then  V  is  found  by  the  formula  V= — 5 — . 

0 

In  a  preliminary  experiment  the  deflection  amounted  to  five 

millimeters  when  the  mirror  revolved  128  times  per  second. 

IL  Geology  and  Mineralogy. 

1.  On  the  LimefUmes  of  the  FaUs  of  the  Ohio^  by  Jambs 
Halu  16  pp.  4ta  Advance  sheets  of  vol.  v,  part  2,  of  the  Paleon- 
tol<^y  of  New  York. — Professor  Hall  reviews  the  facts  with  ref- 
erence to  the  beds  at  the  Falls  of  the  Ohio  and  their  fossils,  gives 
the  results  of  personal  observations,  and  arrives  at  the  conclusion 
that  the  rooks  include — ^beginning  below : 

(1.)  Niagara  beds,  of  the  Upper  Silurian,  which  are  the  ^  Cate- 
nipora  beds"  of  8.  S.  Lyon. 

(2.)  Upper  Helderberg  beds,  to  which  belong  the  next  follow- 
ing strata,  (a)  Coral  beds,  (b)  Turbo  bed,  (c)  Nucleocrinus  bed, 
and  (d)  Spirifer  bed,  of  Lyon. 

(3.)  Then  80  feet  of  Hamilton  beds,  which  are  of  impure  mag- 
nesian  limestone,  and  comprise  (a)  the  Hydraulic  limestone,  and 
(b)  the  Encrinital  limestone,  of  Lyon. 

(4.)  The  ^^  Black  Slate,"  which,  after  a  special  discussion  of  the 
fiACts,  IS  made  equivalent  to  the  Genesee  shale  of  New  York. 

Professor  Hall  remarks  on  the  point  that  the  Hamilton  period  is 
represented  at  the  Falls  only  by  limestones,  mentioning  the  fact 
tlmt  the  formation,  which  is  1,200  feet  thick  in  the  eastern  part  of 
New  York  State,  and  mainly  arenaceous  and  shaly,  with  calcare- 
ous intercalations  among  the  shales  at  its  base,  thins  down,  in  300 
miles  westward,  to  a  few  hundred  feet  of  calcareous  shales  with 
some  bands  of  limestone,  and  that  farther  west,  the  limestone 
gradually  becomes  still  more  predominant  as  the  general  thick- 
ness diminishes ;  adding  that  ^'  it  is  therefore  a  fair  and  logical 
inference  that  the  continuation  of  this  group  of  strata  farther  west 
would  preserve  the  calcareous  beds  alone." 
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2.  Report  on  the  Fossil  Plants  of  the  Auriferous  Gravel 
D^oosits  of  the  Sierra  Nevada ;  by  L.  Lbsqubbeux.  MemoiTB 
of  the  Museum  of  Comparative  Zooloey  at  Harvard  College. 
Vol.  vi,  No.  2.  68  pp.  4to,  with  ten  double  plates. — ProfesHor  Les- 
quereuz  here  descrioes  fifty  species,  and  gives  figures  of  the  leaves 
on  whioh  they  are  based.     He  concludes : 

(1.)  The  species  are  related  by  some  identical  or  closely  allied 
forms  to  the  Miocene,  and  still  more  intimately  by  others  to  the 
present  flora  of  the  North  American  continent 

(2.)  The  North  American  facies  is  traced  by  some  species  to  the 
Miocene,  the  Eocene,  even  the  Cretaceous  of  the  Western  Territo- 
ries. Hence  it  is  not  possible  to  persist  in  considering  the  essen- 
tial types  of  the  present  North  American  flora  as  derived  by 
migration  from  Europe  or  from  Asia,  either  during  the  prevalence 
of  the  Miocene  or  after  it.  This  flora  is  connatural  and  autoch- 
thonic. 

(3.)  The  relation  of  the  Pliocene  plants  of  Nevada  and  Tuolumne 
Counties  is  with  the  flora  of  the  Atlantic  slope,  and  not  with  that 
of  California  at  the  present  time.  This  fact  is  explained  by  the 
influence  of  glacial  action  during  the  prevalence  of  the  ice-period, 
and  is  even  clearli|r  exposed  by  Vie  distribution  of  the  few  Plio- 
cene species  remaining  in  the  flora  of  the  Pacific  coast  The  mod- 
ification of  the  characters  of  the  present  flora  of  California  have, 
therefore,  to  be  looked  for  in  climatic  or  other  phenomena  subse- 
quent to  the  Glacial  period.  This  remarkable  fact,  so  clearly  dem- 
onstrated by  nature,  may  serve  as  an  exemplification  of  the  caoses 
of  the  disconnection  of  some  of  the  other  groups  of  our  geological 
floras. 

3.  Memorandum  of  a  fossil  wood  from  the  Keokuk  formaium^ 
Keokuk^  Iowa;  by  Samubl  J.  Wallace,  of  that  place. — A  por- 
tion of  a  supposed  fossil  wood  was  found  in  the  Keokuk  forma- 
tion, Subcarboniferous,  at  Keokuk,  Iowa,  March  6th,  1878. 

It  was  a  section  nearly  three  feet  long ;  one  end  disappearing  in 
the  blafl^  and  the  other  having  apparently  been  taken  off  in  the 
quarry  years  ago.  It  is  flattened  into  a  layer  resembling  lignite, 
from  iV  ^  i  ^"^^  thick,  and  twelve  inches  across ;  divided  into 
two  portions  with  a  space  of  about  an  inch  between,  and  not 
quite  on  the  same  apparent  plane.  It  does  not  seem  to  have 
external  or  bark  markings,  but  rather  those  of  woody  fiber,  possi- 
bly exogenous,  which,  however,  has  not  been  made  oat  to  any 
degree  of  certaint]^. 

ft  was  obtained  in  a  quarry  in  the  bluff  beside  the  railroad 
track  fronting  the  levee,  nearly  three  blocks  below  Main  street, 
from  the  best  quarrv  layers  of  the  Keokuk  Formation,  five  feet 
below  the  "  Geode  bed,"  and  from  the  center  of  a  solid  1 84Dch 
limestone  layer,  on  a  horizon  of  numerous  shells,  fish  teeth,  etc 
Is  not  this  among  the  first  distinct  land  plants  from  this  forma- 
tion ? — From  a  letter  to  the  Editors. 

4.  Atlas  OAicompanying  the  Report  of  the  Oeological  M^piora- 
tion  of  the  Fortieth  Jctrallel;  by  Clabknck  King,  U.  &  Geologist 
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in  charee.  Made  by  authority  of  the  Hon.  Secretary  of  War, 
nnder  the  direction  of  Brig,  and  Brevt  Major-General  A.  A. 
HnmphreyB,  Chief  of  fineineers,  U.  S.  A.  1876. — One  of  the  maps 
of  this  Atlas  has  already  oeen  noticed  in  this  Journal  in  volume  xi 
(page  101).  The  completed  atlas  has  recently  been  issued.  It  is 
in  very  large  folio,  and  consists  of  ten  double  maps  (nearly  twenty 
maps  of  page  size)  illustrating  the  geology  and  topography  of  a 
region  nearly  fifty  miles  wide  either  side  of  the  fortietn  parallel  from 
western  Nevada  to  eastern  Colorado.  The  atlas  is  a  grand  con- 
tribution to  the  Gkology  of  the  continent,  and  bears  testimony  to 
the  very  great  care  and  thoroughness  of  the  surveys  under  Mr. 
King.  The  five  colored  geological  maps  present  not  only  the 
distribution  of  the  several  areas  of  igneous,  granitic,  and  stratified 
rocks,  but  even  of  the  principal  kinds  of  igneous  rocks-— the  rhyolites, 
trachytes,  leucite  rocks,  porphyry,  andesite,  diorite  and  diabase, 
the  study  of  which  in  the  neld,  by  Mr.  King,  has  been  supple- 
mented by  the  exceedingly  valuable  volume  of  descriptions  by 
Professor  z^irkel,  forming  part  of  the  Reports  of  the  Survey. 

The  plates  are  from  the  establishment  of  J.  Bien,  New  York, 
and  are  admirable  specimens  of  chromo-lithography. 

6.  Oeological  and  Oeographical  Atlas  of  Colorado^  and  por- 
tians  o/a^acent  Territories;  by  F.  V.  Hayden,  U.  S.  Geologist 
in  charge,  U.  S.  Geological  and  Geographical  Survey  of  the  Ternto- 
rfeSy  Department  of  the  Interior.  Large  folio. — ^This  Colorado 
Atlas,  just  issued,  is  another  very  ifiportant  contribution  toward 
a  general  geological  chart  of  the  western  half  of  the  American 
Continent.  It  embraces  twenty  maps  each  of  the  size  of  two  of 
the  folio  pages ;  a  triangulation  map  from  the  work  of  J.  T.  Gard- 
ner of  1878,  1874,  1876,  and  subsequently  of  A.  D.  Wilson;  a 
drainage  map;  an  ''economic'^  map  giving  the  distribution  of 
forests  or  groves  of  different  kinds,  pasture  land,  agricultural  land, 
sage  land,  coal  land,  gold  districts  and  silver  districts ;  a  general 
geolo^cal  map ;  six  sectional  geological  maps,  and  as  many  topo- 
graphical, on  a  scale  of  four  miles  to  the  inch ;  two  maps  of  geo- 
logical sections  and  one  of  panoramic  views.  The  areas  of  the 
various  rock  formations,  including  the  subdivisions  for  the  kinds 
^f  igneous  rocks,  are  distinguished  by  colors.  The  map  engraving 
ind  chromo-lithography  are  by  J.  Bien,  as  with  the  preceding 
itlas,  and  they  show  the  same  beautiful  work  in  each  respect,  the 
[larmony  and  choice  of  tints  being  all  that  coald  be  desired; 

6.  A  Mofioffraph  on  the  Genera  Zethus^  Cybele,  Encrinurus  and 
Oyp^owomti*,  by  A.  W.  VoGDES,  U.  S.  Army.  86  pp.  8 vo.  Charles- 
ton, South  Carolina. — This  memoir  is  a  historical  and  descrip- 
tive review  of  the  genera,  with  descriptions  of  the  species  of  Cryp- 
tonomus,  illustrated  by  four  plates,  photographed  from  foreign 
memoirs,  representing  the  following  species:  C.  punetatus^  C. 
varioiaris,  C.  beilattdits^  C\  obttMus^  C.  Icevis^  C.  vigilans^  C.  sex- 
costatuSj  0,  nereus,  and  C,  verrucosus.  The  limits  of  the  genus 
are  those  accepted  by  Eicbwald  in  1840.  It  includes  Encrinurus^ 
and  Cybde  and  Atractopyge  are  made  subgenera  under  it. 
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7.^  Carboni/eraus  and  Upper  SUurian  foseiU  ojt  lUinoie  and 
Indiana, — Dr.  C.  A.  Whits  has  pablished  descnptions  of  some 
invertebrate  species  in  the  Proceemngs  of  the  Academy  of  Natn- 
ral  Sciences  of  Philadelphia  for  1878,  p.  29. 

8.  Die  Culm-Flora  aer  Oetrauer  und  Waldenburger  SehiehUn 
von  D.  Stur.  866  pp.  4to. — ^An  elaborate  memoir  on  the  fossil 
plants  of  the  Lower  Carboniferoas  formation  of  Moravia,  illustrated 
bv  twenty-seven  large  and  beantifiil  plates,  a  map,  and  two  plates 
of  sections.  The  lower  Cnlm  includes  the  Carboniferous  lime- 
stone with  ProduetuB  piganieus  Sow.,  ocemrhig  in  Altwasser, 
Neudorf  near  Silberberg,  Hansdorf,  etc,  with  which  the  **  Colm- 
Dachschiefer,*'  containing  PoHdanamya  Beeheri  Br.  ia  equiva- 
lent; and  the  upper  Culm,  the  Ostrau  and  ^Waldenbnig  shales. 
Some  of  the  spe<nmens  of  plants  figured  are  of  remarkable  sise 
Bud  interest. 

0.  Remaine  of  the  Mvjtk  Ox  {Oviboe  moeehaiue)  have  been 
found  in  the  loess  of  the  Rhine  near  Unkel,  according  to  F. 
Roemer. — ZU,  geoL  Oes,,  xxix,  692. 

10.  Notice  of  three  new  Phoephatee  from  FaitfULd  CamUjfj 
Connecticut  **  by  Osobob  J.  Brush  and  Edward  S.  DxviL— 
(1).  EosPHORiTR.  Usually  observed  in  prismatic  crystals  whose 
obtuse  angle  measures  104^%  and  which  probably  belong  to  the 
orthorhombic  system.  The  crystals  are  uniformly  terminated  by 
two  pyramids  in  different  vertical  cones.  Cleavage  macrodiagooal 
nearly  perfect.  Also  commq^ly  compact  massive.  Hardnessssi^. 
Specific  gravity  srd'1 32-3*145.  Luster  vitreous  to  greasy.  Color 
pink,  some  crystals  having  the  bright  shade  common  in  rose- 
quartz,  while  others  are  paler  and  have  a  yellow  to  pray  hoe. 
The  compact  mineral  is  pale  pink,  greenish  and  blmah  while 
and  white.  Some  varieties  closely  resemble  in  color  and  luster 
green  elsBolite ;  the  green  color,  however,  is  probably  due  in  all 
cases  to  the  presence  of  impurities.  Transparent  to  translucent 
Before  the  blowpipe  in  the  forceps  craclra  open  and  fuses  at  about 
4  to  a  black  magnetic  mass.  Dissolves  completely  in  the  fluxes, 
and  gives  reactions  for  manganese  and  iron.  Soluble  in  nitric  and 
hydrochloric  acids.  Analyses  by  S.  L.  Penfield  have  proved  it  to 
be  a  hydrous  phosphate  of  manganese,  iron  and  alnminnm,  wUk 
the  atomic  ratio  of  P,0, :  Al,0, :  RO  :  H^  =  1:1:2:4.  This 
corresoonds  to  the  empirical  formula  A1,R,P,0,„  4H,0=:A1P,0,+ 
2H,RO^-f  2Aq.  The  compact  varieties  contain  quarts  and  other 
impurities.  An  analysis  of  a  whitish  compact  specimen  by  Horace 
L.  Wells  gave  14-41  of  insoluble  impurities,  and  the  remainder 
had  the  atomic  ratio  of  eosphorite. 

(2.)  Triploiditb.  Occurs  in  crystalline  aggregates  whose  strae- 
ture  is  parallel-fibrous  to  columnar,  also  divergent,  and  again  con* 
fusedly  fibrous  to  nearly  compact  massive.  Isolated  prismatis 
crystals  are  occasionally  observed  imbedded  in  quartz.  In  very 
rare  cases  these  crystals  have  been  detached  witn  their  termina- 
tions preserved;  the  crystallographic  data  thus  obtained  shov 
that  the  mineral  is  closely  related  in  form  to  wagnerite.     Hard- 
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=4*5-5.  Specific  gravit^^8'697.  Luster  vitreoas  to  greasy- 
lantine.  Color  yellowish  to  reddish  brown,  the  crystals 
lionally  topas-  to  wine-yellow.  Transparent  to  translucent. 
B  in  the  naked  lamp-flame,  and  B.  B.  in  the  forceps  colors  the 
)  pale  green.    Completely  soluble  in  the  fluxes,  giving  reac- 

for  iron  and  manganese.    Soluble  in  nitric  and  hydrochloric 

Analyses  by  S.  L.  Penfield  have  proved  it  to  be  a  hydrous 

phate  of  manganese  and  iron,  giving  the  atomic  ratio  of 

:  RO  :  H,0  of  1  :  4  :  1.  This  corresponds  to  the  formula 
0„  H,O=RJ*,0,+H,R0,.  The  mineral  in  external  charac- 
as  a  marked  resemblance  to  triplite,  and  this  fact  is  expressed 
e  name  which  has  been  given  it. 

)  DiCKiNSONiTs.  Occurs  foliated  massive;  often  lamellar 
te,  the  laminae  being  sometimes  straight,  but  more  often 
lA.  In  one  instance  observed  in  tabular  crystals  with  stri- 
baae.  These  have  a  rhombohedral  aspect,  but  are  shown  by 
>tical  examination  to  be  twins  belonging  to  the  orthorhombic 
nonoclinic)  system,  the  prismatic  angle  being  about  120°. 
irage  basal,  perfect ;  folia  very  brittle.  Hardness  =3.5—4. 
ific  gravitv  =3*888.  Luster  vitreous,  on  the  cleavage  face 
what  pearly.  Color  oil  to  olive-green,  sometimes  approach- 
;raaa-green.  Transparent  to  translucent.  In  the  closed  tube 
sent,  roses  and  gives  off  water  having  a  faint  acid  reaction, 
re  the  blowpipe  in  the  forceps  fuses  at  1  to  a  black  magnetic 
lie,  and  colors  the  flame  pale-giQden  with  an  occasional  faint 
\  of  red.  With  the  fluxes  gives  reactions  for  iron  and  man- 
ge.   Soluble  in  acids.    The  chemical  anal  vsis  now  in  progress 

L.  Penfield  indicates  it  to  be  a  hydrous  pnosphate  of  iron  and 
ranese  with  alkalies,  the  spectroscope  showing  the  presence 
>th  soda  and  lithia. 

e  above  species  are  from  a  deposit  of  manganese  minerals  in 
a  of  coarse  albitic  granite  which  has  been  quarried  for  mica. 
ciated  with  them  is  a  considerable  amount  of  a  ferriferous 
Msbrosite  which,  according  to  Mr.  Penfield's  analysis,  contains 
t  27  per  cent  of  carbonate  of  iron.  There  are  also  present : 
kok  phosphate  of  iron  manganese  and  lithia,  a  purple  phos- 
\  resembling  heterosite,  and  a  black  hydrated  oxide  of  man- 
se ;  ail  these  apparently  are  products  of  the  oxidation  of  the 
'  minerals,  we  have  also  c^termined  the  presence  of  vivi- 
,  faebronite,  apatite,  and  some  other  phosphates  whose  com- 
ion  needs  further  investigation  before  a  final  conclusion  in 
"d  to  their  specific  character.  It  is  our  intention  to  publish  in 
oly  number  of  this  Journal  a  fiill  description  of  the  locality, 
will  include  the  results  of  the  crystallographic  and  optical 
ination  of  the  new  species,  the  chemical  analyses  already 
!,  with  others  still  in  progress,  and  all  the  facts  in  regard  to 
uethod  of  occurrence  which  we  may  obtain  from  the  addi- 
1  supply  of  material  we  expect  soon  to  receive. 

Mineralogy:  Vol.  I,  The  General  Principles  of  Mineralogy  ; 

H.  Collins,  F.G.S.     206  pp.  8vo.    New  York,  1878.    (G.  P. 
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Patnam's  Sons — Patnam's  Advanced  ScieiF*e  Series). — ^This  work 
18  intended  primarily  ^  for  practical  working  minerSy  qnanymen, 
field  geologists,  and  atadents  of  the  science  clasaea'^  The  first 
volume  now  issued  (the  second  being  in  the  pres^)  contains  a 
clear  and  systematic  description  of  the  physical  and  chemical 
properties  of  minerals.  The  system  of  Miller  is  principally  used 
in  the  chapters  upon  crystalloffrapby,  though  the  symbols  of  Nan- 
mann  are  also  given.  The  value  of  this  portion  of  the  work  is 
enhanced  by  the  very  large  number  of  figures  of  crystala,  which 
will  do  much  to  remove  the  inherent  difficulties  of  the  subject. 

IIL  Botany  aih)  Zoology. 

1.  Synoptical  Flora  of  North  America  ;  by  Asa  Orat. — ^The 
first  part  of  this  work  is  expected  to  be  published  before  May- 
day. It  will  form  a  bound  volume  of  itself^  with  index,  etc  ;  but 
it  IS  only  the  first  part  of  voL  iL  The  publication  begins  with 
voL  ii,  because  it  taxes  up  the  American  Flora  where  the  Flora  of 
North  America  by  Torrey  and  Gray  dropped  it  five  and  thirty 
years  ago,  viz :  at  the  end  of  CompoeitcB,  The  ground  which  was 
covered  by  that  work,  newly  woriced  over,  will  be  oomprised  in 
the  first  volume  of  the  new  work.  The  present  publication  in 
dudes  all  the  OamopetalcB  after  CofnpoeiicBj  and  fills  over  400  com- 
pact imperial  8vo  pages.  The  price  is  fixed  so  as  barely  to  recover 
the  cost  of  the  edition.  For  tnis  sum  ($6),  it  will  be  sent  by  mail 
to  any  part  of  the  United  States,  post-paid,  if  ordered  from  the 
Curator  of  Harvard  Univereity  Merbarittm^  Cambridge^  Mcul 
In  the  trade  it  is  published  by  Messrs.  Ivison,  Blakeman,  Taylor 
A  Co.,  New  York. 

2.  Bihlioi^raphical  Index  to  North  American  JBoiany ;  or 
Citations  of  Authorities  for  all  the  Recorded  Indigenous  and  Nat- 
uralized Species  of  the  Flora  of  North  America,  with  a  Ckrono- 
logical  Arrangement  of  the  Synonymy:  by  Skbrno  Watson. 
Part  1.  PoLTPETAL^.  Washington:  Smithsonian  InsUtution, 
March,  1878,  8vo,  476pp.  including  table  of  Orders,  and  index  to 
orders  and  genera. — This  forms  No.  258  of  the  Smitheonian  JUs^ 
ceUaneous  Collections ;  and  surel  v  it  will  be  ranked  among  the 
most  useful  volumes  of  a  valuable  series.  What  a  formidable 
undeitaking  it  is,  what  a  vast  amount  of  pains-taking  and  criticsl 
labor  has  been  bestowed  upon  it,  may  be  imagined  by  taming  over 
the  well-filled  pages,  but  will  be  adequately  understood  only  by 
working  botanists.  To  suoh  it  will  be  a  great  boon ;  and  thankfiu 
will  they  be  to  the  venerable  Secretary  of  the  Smithsonian  Institu- 
tion that  he  should  have  taken  this  work  in  hand,  so  rendering  ita 
production  possible.  N  ot  less  grateful  should  they  be  to  the  editor 
for  his  patience,  conscientious  thoroughness,  and  disinterested 
zeal,  which,  as  in  similar  instances,  can  be  recompensed  only  bj 
the  consciousness  of  having  done  useful  work,  very  helpful  to 
fellow-laborers  and  those  who  are  to  come  after  them.  The  Sec- 
retary, in  his  advertisement,  states  that  this  work  **  ia  pubUshfid 
by  the  Smithsonian  Institution,  at  the  request  of  the  leading  h(Ar 
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UBts  of  the  United  States,  who  bare  also  contribated  to  the 
cpense  of  its  preparation."  Bat  the  contributions  mast  have 
sen  few  and  of  comparativeljr  small  amount,  while  the  labor  has 
sen  protracted. 

The  portion  now  issued  covers  the  ground  of  the  first  Tolume 
I  Torrey  and  Gray's  Flora  of  North  America,  L  e.  of  the  Poly- 
stmlous  Dicotyledons,  and  may  therefore  be  regarded  as  a  com- 
bte  portion  or  Tolume.  It  is  very  elaborate  bibliography,  but 
n  mere  bibliography  or  index-making,  for  which  simple  pains- 
Jdng  might  suffice ;  but  it  is  a  critical  revision  and  re-mvestiga- 
on  of  the  whole  ground,  not  onlv  supplementing  that  volume  of 
le  Flora  by  all  that  has  been  published  since,  but  abounding  in 
ew  and  independent  determinations  and  judgments.  All  the 
mographical  arrangements  and  execution  are  excellent.  To 
nng  this  volume  well  within  the  reach  of  all  who  need  it,  the 
rioe  is  fixed  at  two  dollars,  in  paper  covers.  Those  who  need  it 
LOSt  will  much  prefer  bound  copies.  We  may  be  useful  by  an- 
ooncing  that  the  editor  has  haa  a  small  number  of  copies  put 
ito  strong  cloth  binding ;  and  that  these  may  be  obtained,  from 
le  curator  of  the  Harvajrd  University  Herbarium,  at  the  addi- 
onal  cost,  viz:  at  $2.26,  if  early  application  is  made.         a.  o. 

8.  On  $ome  points  in  the  Morphology  of  Primulaceai ;  by  M. 
«  Mastbss,  M.D.,  F.R.8.,  etc. — A  paper  in  the  first  volume  of 
iie  new  series  of  the  Transactions  of  the  Linnean  Society  of 
icmdon  (in  which  Botany  and  Zoology  are  separate^,  based  upon 

review  of  the  principal  monstrosities  known  in  Primroses,  and 
1  otber  plants,  so  far  as  they  throw  light  upon  these ;  illustrated 
y  three  plates,  crowded  with  figures;  followed  by  a  full  selection 
f  the  bibliography  of  the  subject.  The  placenta  of  JhrimtdaceoB 
.  concluded  to  be  ^^  a  direct  proloitgation  of  the  receptacle  or 
ris,  without  any  connection  with  the  sides  or  apex  of  the  car- 
bIb.'*  ^  Yet  in  some  monstrous  flowers,  placentae  are  outgrowths 
ther  from  the  margin  or  center  of  caroels;  these  outgrowths 
ay  become  detached,  and  may  cohere  with  one  another,  thus  pro- 
acing  the  appearance  of  a  solitl  column  directly  produced  from 
le  receptacle.  8uch  forms  of  placenta  lead  to  the  inference  that 
le  anoestral  progenitors  of  I\*imtd(Mcea^^  had  parietal  placenta- 
cm.  **  It  may  be  added  that  the  whole  does  not  militate  more 
jminat  present  carpellary  placentation  in  Frimtda  than  in  Dionoea. 
be  ovmar  integuments  are  concluded  to  be  foliar.  The  expla- 
itioD  of  the  anteposition  of  stamens  to  corolla-lobes  and  of  the 
ter  appearance  of  the  corolla  is  not  at  all  settled.  a.  o. 

4.  On  the  Origin  of  FlorcU  JEktivations,  etc. ;  by  Rev.  G. 
!bk8I.ow,  M.A.,  F.L.8. — A  paper  in  the  same  volume  of  Linn. 
rftna.  The  forms  of  sBstivation  are  classified  under  eight  e(][uiva- 
jnt  kinds,  five  of  which  we  should  regard  as  species  or  varieties 
r  the  imbricative ;  the  term  convolute  (in  place  of  contorted)  is 
eartily  adopted  for  one  of  them,  following  the  suggestion  in 
bis  Journal;  the  degrees  of  frequency  of  the  various  kinds  are 
idicated ;  the  mode  in  which  they  may  pass  into  each  other  is 
bown;  their  origination  under  evolution  speculated  upon  with 
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ingeniiity ;  the  cmciferoas  flower  is  conceived  to  have  ariBen 
svnimetrical  reduction  of  fives  to  fouTB,  etc  ;  the  hypothesis  tl 
the  corolla  of  I^mula  is  an  outerowth  of  the  androecium 
controverted,  more  particularly  on  the  around  that  the  devek 
ment  of  the  parts  ot  normal  flowers  is  oy  no  means  always  e< 
iri  petal.  A.  G. 

6.  Moral  Sirtidure  and  Affinities  of  Sapotaoem ;  by  Mabc 
M.  Habtog,  M.A.y  etc. — A  short  paper  in  Trimen's  Journal 
Botany,  for  March,  1878.  Observations  made  at  the  Botai 
Garden  at  Peradeniva,  Ceylon,  and  very  neatly  w(N4Eed  out. 
to  the  ovules,  ^  the  impression ''  is  that  they  are  the  axillary  bv 
of  the  carpels.  Flowers  almost  always  proterogynoua.  Kvo 
tion  in  the  flower  **  strictly  centripetal,  with  a  tendency  to  ai 
mentation  in  the  number  of  parts  in  the  whole  as  we'  advai 
from  the  periphery  inwards."  ^£ach  new  member  arises 
front  of  the  widest  intervals  between  the  next  oldest  membe 
K  the  intervals  be  wide,  the  new  members  are  formed  in  front 
the  widest  intervals  between  the  members  of  the  next  old< 
whorl  and  those  of  the  next  but  one,"  both  falling  under  H 
meister's  generalizations.  The  order  nearest  to  Sapoiacecs  is  M\ 
sinaceoe;  and  Styracacem  (Symplocem  being  separated)  nearer  th 
EbenaeecB.  Finally  the  ^^ outgrowth"  theory  of  the  petals 
Primulace€B  is  opposed  by  the  inference  that  the  origin  ai 
structure  of  the  corolla  must  be  essentially  the  same  in  this  ord 
as  in  Mj/reinacecB  ;  that  ^^  in  many  f>lants  the  petals,  though  fii 
formed,  are  soon  overtaken  and  outstripped  by  tne  stamena.  Car 
the  delay  a  stage  further  back,  and  you  have  the  history  of  JMi 
idaeecB,*^  The  paper  closes  with  an  amended  character  of  Xa6oi 
donnaisia^  and  of  an  allied  new  genus  Eichleriaj  in  honor  of  o 
of  the  best  morphological  botanists  of  the  day.  Dr.  Bichler,  wl 
— let  us  add  our  congratulations — succeeds  to  the  chair  vacated  1 
the  death  of  Alexander  Braun  at  Berlin.  Professor  Schwendent 
from  Ttlbingen,  takes  the  new  chair  of  Physiological  Botany 
Berlin.  a.  a 

6.  CuBTiss :  North  American  PlanU. — ^The  first  part  of  t 
collection  of  dried  plants  of  our  Southern  States  (250  specie 
which  Mr.  A.  H.  Curtiss  announced  a  year  or  more  a^o,  is  nc 
issued.  The  set  supplied  to  the  Harvard  University  Uerbariv 
enables  us  to  declare  that  the  specimens  are  well  chosen,  copio 
and  perfect,  are  carefully  put  up,  all  named,  with  printed  tickc 
in  neat  form  and  taste ;  and  that  these  sets  are  cheap  at  the  pri( 
viz :  twenty  dollars  for  250- species.  To  favor  this  laudable  eoU 
prise  and  to  facilitate  their  acquisition  by  botanists,  some  ae 
nave  been  deposited  at  the  Harvard  University  Herbarium,  tl 
Curator  of  which  will  receive  applications  for  them.  a.  q. 

7.  Oniha  Spore-FormaHonofiheMesocarpem.ande^f^ecialiy 
the  new  Genue  Gonatonema  ;  by  Dr.  Y.  B.  Wittbogk. — ^In  tl 
genus  Qonatonemay  founded  on  G,  ventricoeum^  a  new  specie 
and  the  old  Meeoearpvs  notabUie  of  Hassall,  the  cells  bend  in 
something  like  a  knee-joint,  and  divide  into  three  parts,  in  tl 
central  one  of  which  the  spore  is  formed  directly,  without  conj 
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«  Dr.  Wittrock  observed  a  rotation  of  the  chlorophyll- 
previous  to  the  formation  of  the  spore.  The  writer  calls 
ion  to  the  fact  that  in  Mougeotia  aucarea  he  has  found  that 
Kires  are  sometimes  formed  in  three  different  ways,  sup- 
to  be  characteristic  of  the  three  different  genera,  Meso* 
\y  JPtagioapermum  and  tStauroapermum.  w.  6.  f. 

yim-Sexual  Outgrowths  on  JFem  FtothaUi. — The  discovery 
*  non-sexual  production  of  the  Fern-plant  from  the  pro- 
i,  by  Dr.  Farlow,  when  a  pupil  of  De  Bary  at  Strasburg, 
«n  extended  to  numerous  instances.  The  facts  and  bearings 
t  case  were  reported  to  the  Society  of  German  N  aturalists, 
late  meeting  at  Munich,  by  Professor  De  Bary,  as  follows : 
stigation  has  shown  that  some  Ferns,  namely,  Pteris  Ore- 
Aspidium  falcatum^  and  AspuHum  FUix-mas^  var.  crts- 
^  form  on  the  prothalli  normal  antheridia  but  generally  no 
iponia,  or  impeHect  ones  which  perish  before  the  opening  of 
oal,  and  exlubit  instead  of  the  typical  formation  of  the  em- 
the  outgrowth  described  by  Farlow.  In  those  species  which 
»p  archegonia  no  such  outgrowth  has  been  observed.  The 
lological  phenomena  presented  by  the  shoot  are  alike  in 
ecies  named,  even  in  the  smallest  particulars.  In  the  pro- 
s  which  grows  directly  out  of  the  spore,  the  development 
occurs  in  most  cases,  and  which  may  be  called  normal,  is  as 
B :  at  the  sinus,  nearly  at  the  spot  where  the  first  archego- 
oocurs,  there  arises  a  protuberance  which  grows  out  directly 
leaf^  at  the  base  of  this,  close  by  the  insertion  of  the  pro- 
8,  there  is  formed  an  axial  punehitn  vegetatumis^  on  which  a 
1  and  the  successive  later  leaves  appear.  At  the  base  of 
8t  leaf  there  is  formed,  endogenously  on  the  vascular  bundle, 
8t  root.  As  soon  as  the  second  leaf  appears,  the  bud  grows 
n  ordinary  fern-shoot.  Variations  dinering  in  degree  from 
•rmal  mode  of  growth  are  not  uncommon.  Frequently  the 
klli  form  branches  similar  to  themselves  (secondary  prothalli) 
can  again  produce  leaves  and  shoots  in  a  great  variety  of 
A  moment's  reflection  shows  that  the  three  Ferns  in  ques- 
Ekve  lost  the  power  of  forming  archegonia,  and  with  it  sexual 
taction,  and  as  c<mipensation  for  the  sexual  formation  of  the 
'o,  possess  the  power  of  forming  the  outgrowth  described 
rlow.  This  presents  a  special  case  of  that  general  phenom- 
vhich  is  called  apogamy^  total  loss  of  reproductive  power, 
hich  consists  in  the  fact  that  a  species  loses  sexual  repro- 
»n  and  receives  in  its  place  numerous  non-sexual  modes  of 
action,  such  as  brood-buds,  suckers,  etc.  The  numerous  bulb- 
'  the  higher  phanerogams,  species  oi  Allium  ^  Xhntaria^  and 
Le,  are  examples  of  this,  as  well  as  of  the  successive  degrees 
Terence  in  apogamy."  Closer  observation  of  the  phenomena 
reduction  in  apogamous  plants  other  than  Ferns  was  recom- 
sd.  Dr.  Fariow's  paper  was  originally  published  in  the 
edings  of  the  American  Academy  of  Arts  and  Sciences, 
:.  o.  u  o. 
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0.  A  CaUdogne  of  the  Fhwering  Plants  and  higher  Cryptogams 
growing  toUhotU  cukivation  within  thirty  miles  of  Yale  CoUege. 
Published  by  the  Beneliu8  Society,  New  Haven,  1878,  pp.  72, 
8yo,  and  an  outline  map. — This  catalogue  has  reached  ub  barely 
in  time  for  announcement  here.  Its  form  and  typography  are 
attractive,  and  the  editors  (whose  names  are  not  mentioned), 
appear  to  have  done  their  work  admirably,  under  the  auspices  of 
Professor  Eaton,  who  adds  an  introduction,  with  interesting  his- 
torical details.  The  catalogue  extends  to  the  Musci  and  SepaticcB^ 
and  the  summary  of  species  gives  the  total  number  of  1,506. 

A.  o. 

IV.  Astronomy. 

1.  Der  Stemhaufen  x  Persei^  etc,  von  Dr.  H.  C.  Vogbl. 
Leipzig,  1878.  4to,  pp.  36. — Dr.  Vogel,  of  the  Potsdam  Observa- 
tory, has  published  the  results  of  measures  of  the  cluster  x  Persei^ 
made  in  1867-70  by  means  of  the  8-inch  refractor  at  Leipzig,  with 
the  object  of  fixing  the  relative  positions  (and  magnitudes)  of  the 
stars  of  this  cluster,  so  that  any  future  change  may  not  pass  un- 
detected. 176  stars,  in  all,  have  been  fixed  in  position  by  the 
filar-micrometer.  The  field  was  bright,  and  a  magnifying  power 
of  1 45  diameters  was  employed  throughout.  The  various  sections 
of  this  work  of  36  quarto  pages  treat  of  the  following  subjects: 

§  1.  The  position  of  the  instrument ;  the  determination  of  the 
parallel,  A  novel  feature  here  is  that  the  zero  of  position  was 
determined  before  and  after  each  set  of  measures  (either  of  p  and 
s  or  of  ^a  and  Ad)  on  each  pair  of  stars,  so  that  the  observations 
for  any  pair  are  arranged  thus:  Ist,  four  measures  of  />;.foar 
measures  of  s ;  2d,  determination  of  parallel ;  the  next  pair  is 
then  observed  as  follows :  1st,  four  measures  of  p ;  four  measures 
of  s ;  2d,  determination  of  parallel ;  and  so  on  throughout  the 
night. 

§  2  contains  an  investigation  of  the  positionrcirde  ;  and  of  the 
value  of  the  revohttion  of  the  micrometer.  The  zero  of  the  micro- 
meter was  found  to  be  dependent  upon  the  position  of  the  instrument 
and  also  upon  the  kind  of  illumination  of  tne  threads.  Tbe  value  of 
the  revolution  is  found  from  transits  on  20  nights,  from  Not.,  1867, 
to  May,  1870.  During  all  this  time  the  reticle  was  left  at  the 
same  distance  from  the  objective,  and  the  thermometric  coefficient 
resulted  4-0''*001581  ^  in  Reaumer's  scale.  The  magnitude  and 
the  sign  of  this.  Dr.  Vogel  explains  by  the  fact  that  the  focal 
point  was  not  determined  each  night  (as  he  says  is  usual),  and  he 
correctly  points  out  the  necessity  of  leaving  the  focus  unchanged 
for  such  observations  and  for  determining  the  value  of  the  screw 
during  the  series  itselfl 

§  3  deals  with  the  methods  of  observation  and  reduction.  Tbe 
brighter  stars  less  than  10th  magnitude  were  determined  from  mea»- 
ures  of  p  and  s  with  four  selected  stars  of  the  group.  These  four 
were  connected  by  measures  of  p  and  s  and  also  Aa  and  ^6 ;  and 
they  were  further  connected  with  two  stars  of  the  duster  h  Persei, 
which  had  been  observed  with  the  Bonn  meridian-circle.    The 
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pairs  of  stars  were  observed  alternately  on  different  threads,  the 
zeros  determined  under  the  same  circumstances  as  those  of  the 
observations,  the  position  angles  measured  by  turning  the  circle 
in  both  way&  From  four  to  six  measures  of  p  and  s  were  made 
each  nighty  and  for  each  pair  of  the  brighter  stars  at  least  four 
nights  observations  were  made,  i  e.,  at  least  sixteen  measures  of 
p  and  s.  The  reductions  are  complete,  and  the  observations  are 
reduced  to  1870*0. 

The  fainter  stars  (10-12  mag.)  were  observed  by  ^a  and  Ad 
with  other  stars  at  least  on  two  nights  for  each  star. 

§  4  deals  with  the  dccuracy  of  the  observcUions ;  for  the  brighter 
stars,  the  probable  error  of  a  single  observation  is  found  to  be, 
in  «,  ifc0'-228,  in  p  (reduced)  ifcO'^'SOa.  The  probable  errors  for 
the  mean  o/each  nig/it  are  more  important,  and  result  as  follows 
(no  dependence  of  the  probable  errors  on  the  distance  or  the  posi- 
tion-angles being  eviaent),  probable  error  of  one  night  m  «, 
i:0'''196,  inp  (reduced)  db0'-166.  For  the  final  position  (at  least 
four  nights)  these  become,  in  «,  rb0'*092,  in  p,  it:0''*080.  For  the 
Aflf  and  A<^  of  the  brighter  stars  these  are  =fc0''097  in  RA.  =fc^*089 
in  N.P.D.  The  positions  for  the  fainter  stars  are  determined 
within  less  than  I  in  each  coordinate,  which  Dr.  Vogel  considers 
sufficient  for  his  purpose. 

§  5  treats  of  the  determinations  of  the  brightness  of  the  stars 
of  this  clu^er.  The  176  stars  of  the  cluster  range  between  the 
6*5  and  1  dth  magnitudes. 

Each  one  of  the  fainter  stars  (higher  than  10  mag.)  was  deter- 
mined by  eye  estimates  of  magnitude  at  least  5  times ;  the  prob- 
able error  of  the  mean  is  =h0'14  magnitude.  The  brighter  stars 
were. determined  on  several  evenings  by  the  eye,  and  on  two 
nights  each  was  compared  by  a  Zollner's  photometer  with  one  of 
the  standard  stars.  A  table  (p.  12)  gives  the  magnitudes  of  the 
brighter  stars,  Ist,  by  eye  (Vogel) ;  2d,  by  eye,  (Argelander)  ; 
3d,  photometric  magnitude,  assuming  the  light  ratio  7.^x7  ^^ 
0-397.  The  agreement  is  remarkable,  but  the  table  shows  (what 
was  already  known)  that  Argelander's  magnitudes  higher  than 
9^0™  make  the  stars  too  bright. 

§  6  gives  the  Observations  oftfie  stars  (in  tabular  form)  and  the 
HesuUs.  A  difference  between  the  Spring  and  Autumn  observa- 
tions, in  both  Aa  and  Ad,  of  one  of  the  stars  indicates  possibly  a 
parallax  of  about  O^'d. 

§  7  gives  the  Observations  of  the  Fundamental  Stars  ;  and  Cat- 
€dog%^  of  the  30  brightest  stars.  The  observations  are  of  relative 
^a  and  Ad  of  the  four  fundamental  stars,  and  of  two  of  Arge- 
lander's  stars  in  h  Persei  and  also  meridian  observations.  These 
last  also  indicate  a  parallax  to  the  star  b.  None  of  the  stars 
appear  to  have  a  large  proper  motion. 

.g  8  deals  in  the  same  way  with  Observations  of  the  fainter  stars  ; 

ana  Catcdogue  of  M  the  stars  of  the  cluster.    This  is  followed  by 

two  charts,  one  of  the  brighter  stars  and  the  plan  of  triangulation, 

the  other  of  the  whole  cluster. 
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This  brief  anal  jm  will  gnre  an  idem  of  tlie  eonteats  of  this 
extremely  tboroogh  paper,  whi<^  will  take  its  place  beside  the 
other  refearebes  of  the  author  in  the  same  field.  They  are  all 
models  of  what  such  inTestigatioiis  shoold  he,  and  leave  nothing 
to  be  desired  in  methods  of  obserration  or  reduction,  in  the  aoen- 
racy  of  the  final  resolts  readied  (which  are  always  adequate  to 
the  purpose  in  hand),  and,  finally,  are  excellent  examples  of  the 
literary  style  and  clearness  appropriate  to  sach  memoirs. 

BL  &  EL 

2.  Ameriean  Jammal  of  MaihemaUct  Pyrt  and  AppUed, 
Pnblished  onder  the  anspioes  of  the  Johns  Hopkins  UniTersity. 
VoL  i.  No.  1.  4%  104  pp.  BaltinK>re,  187a — We  are  ^lad  to  greet 
the  first  nomber  of  tnis  qoarterly.  It  fills  a  place  m  American 
Joomals  that  has  been  too  long  vacanL  The  primary  object  of  the 
Joomal  is  to  poblish  original  investigation.  In  addition,  concise 
abstracts  of  sabjects  to  which  special  interest  may  attach,  and 
critical  and  bibliographical  notices  and  reviews  of  the  most 
important  mathematical  pablications  form  part  of  the  plan. 

The  present  number  contains  contribotions  from  Itkssrs.  New- 
comb,  Hill,  Eddy,  Weichold,  Cayley,  Rowland,  Pdroe,  Sylvester. 
The  two  longest  articles  are  by  Mr.  6.  W.  EGll,  Remarehes  in  the 
Iaauot  Theory^  and  Professor  Sylvester,  On  an  application  of  the 
new  Atomic  TTieory  to  the  grofMcal  representation  of  the  Inr 
variants  and  Covariante  of  BUiary  Quantics, 

3.  Publications  of  the  Cincinnati  Obsertyatory. — ^No.  4  of  this 
series  contains  a  table  of  mi(nt>metric  measurements  of  Soathern 
Doable  Stars,  covering  72  pp.  royal  octavo,  made  daring  the  year 
1877  by  Messrs.  Herbert  A.  Howe  and  Winslow  Upton,  and  the 
Director  of  the  Observatory,  Prof.  Ormond  Stone. 

V.   Miscellaneous  Scientific  Intelligence. 

1.  DrifUese  Region  of  Wisconsin^  (Commanication  to  the 
Editors.) — There  are  one  or  two  sentences  in  Professor  Dans^s 
paper  on  the  "  Driftless  Interior  of  North  America,"  in  the  April 
number  of  the  Joomal,  which  call  for  remark  from  me,  since  their 
effect  is  to  credit  me  with  more  than  I  deserve  in  the  matter  of 
the  theoretical  conclasious  as  to  the  glacial  phenomena  of  the 
northwest,  given  in  volame  ii  of  the  Geology  of  Wisconsin.  As 
the  same  error  occurs  in  other  reviews  of  oar  work,  it  is  evi- 
dent the  matter  is  not  made  as  plain  as  it  shoold  be  in  the 
reports  themselves.  I  give,  therefore,  a  brief  statement  of  the 
facts.  In  1874,  Professor  T.  C.  Chamberlin  investigated  the 
already  known  Potash  Kettle  Range  of  Eastern  Wisconsin,  and 
came  to  the  conclusion  that  it  was  a  gigantic  moraine  produced 
by  the  separate  glaciers  of  the  Green  Bay  and  Lake  Michigan 
troughs.  Subsequently  he  traced  the  range  much  farther  south- 
ward than  before  known,  found  it  curving  westward  and  north- 
ward again,  and  carried  it  to  the  southern  boundary  of  the  district 
under  my  charge.     In  June,  1875,  he  furnished  me  with  a  msp 
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on  which  he  had  marked  the  prohable  position  of  the  continuation 
in  the  Central  Wisconsin  District.  Afterward  I  verified  this  and 
located  the  range  as  mapped  in  my  report ;  and  in  studying  out 
my  own  observations  on  the  Glacial  Drift,  found  them  to  harmonize 
so  thoroughly  with  his  theory  that  the  Kettle  Ranges  are  contin- 
uous moraines,  that  I  yielded  to  his  idea  and  used  it  in  explaining 
the  phenomena  observed  in  my  own  district — among  them  the 
existence  of  the  Driftless  Region.  The  honor  of  the  first  recogni- 
tion of  these  great  moraines  as  such,  and  of  their  great  value  as 
indicators  of  the  positions  and  size  of  the  various  glaciers,  and  of 
glacial  movements  generally,  must  be  ^ven  entirely  to  Professor 
Chamberlin.  Should  this  idea  stand  the  test  of  investigation,  it 
will,  beyond  doubt,  lead  to  some  important  conclusions. 

ROLAND  D.  IBVING. 

2.  A  Treatise  on  Chemistry ;  by  H.  E.  Roscob,  F.R.S.  and 
C.  ScuoBLBMMEB,  F.R.S.,  Profcssors  of  Chemistry  in  Owens  Col- 
lege. VoL  L  The  Non-metallic  Elements.  769  pp.  8vo.  New 
York:  1878.  (D.  Appleton  4fe  Company). — This  treatise  supplies 
a  want  which  every  teacher  and  student  of  chemistry  feels ;  of  a 
clear  succinct  statement  of  the  facts  of  modem  chemistry,  fairly 
complete  and  with  such  a  discussion  of  chemical  theory  as  the 
present  state  of  the  science  permits  within  the  proper  scope  of 
such  a  work. 

3.  Report  of  the  Superintendent  of  the  Coast  Survey  for  1874. 
— This  volume  contains,  among  its  very  valuable  articles,  the 
elaborate  paper  in  fall  of  Mr.  Charles  A.  Schott  (Assistant  in 
the  Coast  Survey)  on  the  Secular  change  of  Ma^etic  Declination 
in  the  United  States  and  other  parts  of  the  TJnited  States,  and 
also  another  bv  J.  E.  Hilgard,  Assistant,  on  the  determinations  of 
Transatlantic  liongitudes  of  1872,  being  the  final  Report,  giving 
a  review  of  previous  determinations. 

4.  Minnesota  Academy  of  Natural  Sciences, — The  Bulletin 
for  1877  contains  a  catalogue,  with  notes,  of  the  Mycological  flora 
of  Minnesota,  by  A.  E.  Johnson,  M.D.,  occuppng  100  pages. 

6.  Matter  a?ia  Motion ;  by  J.  Clerk  Maxwell,  M.A.,  LL.D., 
etc  224  pp.  12mo.  New  York,  1878.  (D.  Van  Nostrand— Van 
Nostrand  Science  Series.)  This  essay  is  reprinted  from  the  April 
and  May  numbers  of  Van  Nostrand's  Magazine.  It  is  a  very  clear 
statement  of  some  of  the  fundamental  principles  of  physics  by  a 
most  eminent  authority. 

6.  Contrilmtions  to  North  American  Ethnology:  Tribes  of 
California ;  by  Stephen  Powers.  Department  of  the  Interior, 
U.  S.  Geographical  and  Geological  Survey  of  the  Rocky  Mountain 
R^ion,  tf.  W.  Powell  in  charge.  636  pp.  4to,  with  a  map  and 
several  4to  plates. — The  work  treats  with  fullness  of  the  people  and 
all  their  characteristics,  and  the  plates  illustrate  their  forms, 
Csatures,  music,  habits,  weapons,  implements,  etc.  Many  of  the 
pages  of  the  volume  are  occupied  by  vocabularies  from  various 
sources,  edited  by  Prof.  Powell. 

Report  of  the  Chief  of  Engineers  for  the  year  1877.  Parts  I  and  11.  U56 
pages,  Svo.    1878. 
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OBITUABY. 

Dk.  Charles  PicKERiJiG. — Dr.  Pickering  died  in  Boston  on 
the  1 7th  of  March,  of  pneumonia,  at  the  age  of  seventy- three.  He 
was  a  grandson  of  C-ol.  Timothy  Pickering,  who  was  a  member 
of  Washington's  cabinet  and  one  of  the  most  distinguished  men  of 
his  day.  He  was  a  member  of  the  class  of  1823  at  Harvard  Col- 
lege, and  graduated  from  the  Massachusetts  Medical  School  in 
1826.  He  practiced  medicine  several  years  in  Philadelphia,  and 
while  there  devoted  much  of  his  time  to  the  Academy  of  Natural 
Sciences  of  that  city. 

In  1838,  Dr.  Pickering  was  appointed  one  of  the  Naturalists  of 
the  United  States  Exploring  Expedition  under  the  command  of 
Charles  Wilkes,  U.  S.  N.  The  expedition  gave  him  good  oppor- 
tunities for  pursuing  his  favorite  studies.  And  these  opportumties 
for  original  observation  were  further  enlarged ;  for,  soon  after  his 
return  from  this  voyage,  on  the  11th  of  October,  1843,  he  leffc  for 
Egypt,  Arabia,  India,  and  the  eastern  part  of  Africa,  in  order  to 
continue  his  investigations  with  regard  to  the  races  of  men  and 
the  distribution  of  plants  and  animals.  Again  at  home,  he  pub- 
lished, in  1848,  The  Races  of  Men,  and  their  Geographical  Dis- 
tribution, being  volume  ix  of  the  Exploring  Expedition.  In  1854, 
he  had  ready  for  the  press  The  Geographical  Distribution  of 
Animals  and  Plants,  being  volume  xv  of  the  United  States 
Exploring  Expedition ;  but,  through  the  withholding  of  govern- 
ment appropriations,  only  the  fii-st  portion  of  this  valuable  lieport 
has  been  published.  Another  large  work,  entitled  Man's  Record 
of  his  own  Existence,  was  only  recently  completed,  and  is  now 
passing  through  the  press. 

Dr.  Pickering  was  untiring  and  most  conscientious  in  scientific 
research,  and  of  great  and  varied  learning.  His  workn  are  reposi- 
tories of  carefully  observed  facts  on  the  subjects  he  had  laboriously 
investigated,  along  with  the  conclusions  to  which  he  had  been  led. 

With  all  his  learning,  he  had  neither  a  desire,  nor  a  gift,  for 
display.  He  was  a  man  of  the  finest  moral  sensibilities,  and  the 
most  perfect  uitegrity,  engaged  during  a  long  life  in  absorbing 
studies,  yet  asking  neither  fame  nor  money,  nor  any  other  reward 
than  the  privilege  of  gaining  knowledge  and  storing  it  up  in  con- 
venient forms  for  the  service  of  others.  He  loved  his  friends, 
and  was  a  most  genial  traveling  companion,  though  naturally 
reserved  among  those  with  whom  he  was  not  familiar. 

Dr.  Pickering  was  married,  in  1851,  to  Sarah  S.,  daughter  of  the 
late  Daniel  Hammond,  Esq.,  of  Boston,  and  leaves  no  children. 
His  memory  will  always  be  dear  to  those  who  knew  him;  his 
works  should  secure  for  his  name  a  high  place  in  the  annals  of 
American  Science.  j.  d.  d. 
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Art.  LIX. — Notice  of  New  Fossil  Reptiles ;  by  Professor 

O.  C.  Marsh. 

The  United  States  Survey  of  the  Fortieth  Parallel,  in  charge 
of  Mr.  Clarence  King,  has  made  known  the  fact  that  a  well 
marked  Permian  horizon  can  be  distinguished  in  the  Rocky 
Mountain  region ;  and  deposits  considered  of  this  age  are 
represented  on  the  geological  maps  of  that  survey.  This  adds 
much  interest  to  tne  vertebrate  fauna  known  from  near  this 
horizon,  and  probably  belonging  to  it,  as  hitherto  no  Permian 
vertebrates  have  been  identffied  in  this  country,  although  not 
uncommon  in  Europe. 

The  Museum  of  Yale  College  contains  an  extensive  series  of 
Beptilian  remains  belon^ng  to  a  peculiar  lacustrine  fauna, 
which  includes  also  Ampnibians  and  Fishes.  These  fossils  are 
from  several  localities  in  the  West,  but  mainly  from  New 
Mexico,  and  the  geological  horizon  appears  to  be  in  the  upper 
portion  of  the  Permian.  These  Reptilian  remains  are  in  excel- 
lent preservation,  and  among  them  are  several  genera,  having 
the  more  important  characters  of  the  Rhynchocephalay  of  which 
the  genus  ffatteria,  of  New  Zealand,  is  the  living  type.  The 
principal  points  of  agreement  are  the  separate  premaxillaries ; 
the  immovable  quaarate;  and  the  biconcave  vertebraa.  An- 
other character  of  much  interest  is  the  presence  of  certain 
hypaxial  elements  of  the  vertebrae,  first  observed  by  Von  Meyer 
in  the  Triassic  genus  Sphenosaurus,  and  called  by  him  inter- 
central  bones,  (^^ Zwichenwirbelhein^^).  These  wedge-shaped 
bones  are  apparently  the  homologues  of  the  cervical  hypa- 
pophyses  in  the  Mosasauria^  and  of  the  sub-caudal  attach- 
ments in  the  Odontomithes,  and  a  few  recent  birds.  These  inter- 
central  ossifications  apparentlv  exist  in  all  the  Reptilia  yet 
foiind  in  this  new  fauna,  and  hence  serve  to  distinguish  it 
With  this  character  is  another  of  hardly  less  interest  The 
anterior  rib-bearing  vertebrae  preserved  have  three  separate 
articular  facets  for  the  ribs ;  one  on  the  anterior  part  of  the 
centrum  for  the  head,  and  a  double  one  above  for  the  bifid 
tubercle.  In  the  implantation  of  the  teeth  and  their  succes- 
sional  development,  these  Reptiles  resemble   the  Mosasuria. 
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These  characters,  with  others  mentioned  below,  indicate  two 
distinct  families,  which  may  be  called  Noihodontidce  and  Sphen- 
acodontidce^  from  the  typical  genera  here  described. 

Noihodon  lentuSy  gen.  et  sp.  nov. 

This  genus  of  Reptiles  may  readily  be  distinguished  by  the 
dentition.  In  each  separate  premaxillary  there  are  two  slender 
pointed  teeth.  In  front  of  the  maxillary  there  are  one  or  two 
similar  teeth,  followed  by  a  number  with  narrow  transverse 
crowns,  resembling  in  form  the  premolars  of  some  carnivorous 
mammals.  These  crowns,  when  unworn,  have  a  central  cusp, 
and  on  each  side  a  tubercle,  somewhat  like  that  on  the  premolars 
of  the  genus  Ganis,  In  the  present  species  the  first  and  last  of 
the  transverse  teeth  are  smaller  than  the  middle  ones.  The 
limbs  were  short,  the  long  bones  had  their  extremities  cov- 
ered with  cartilage,  but  the  carpals  and  tarsals  were  well  ossified. 
The  centra  were  very  deeply  concave,  and  the  tail  was  lon§. 

The  following  measurements  are  taken  from  the  type  speci- 
men of  this  species : 

Length  of  maxillary  bone 66-"" 

Space  occupied  by  ten  maxillary  teeth 56* 

Height  of  crown  of  second  maxillary  tooth 14- 

Height  of  crown  of  third  maxillary  tooth 9- 

Antero-posterior  diameter 3' 

Transverse  diameter 8* 

Antero-posterior  diameter  of  eighth  tooth 5- 

Transverse  diameter 16' 

The  present  species  was  about  five  or  six  feet  in  length,  and 
herbivorous  in  nabit.  It  was  apparently  slow  in  movement, 
and  probably  more  or  less  aquatic.  The  remains  at  present 
known  are  from  New  Mexico. 

J^hencLcodon  ferox,  gen.  et  sp.  nov. 

In  the  present  genus  the  anterior  teeth  are  somewhat  like 
those  of  the  reptile  described  above,  but  the  posterior,  or  more 
characteristic  ones,  are  totally  different  The  crowns  are  much 
compressed,  and  have  very  sharp  cutting  edges,  without  crenula- 
tions.  In  the  present  species  the  carnivorous  teeth  are  crowded 
together,  and  the  crowns  placed  slightly  oblique,  and  twisted 
The  jaws  were  comparatively  short  and  massive.  The  rami  of 
the  lower  jaws  were  apparently  united  by  cartilage  only,  and 
the  symphysis  was  short.     The  vertebrae  are  deeply  biconcave. 

Measurements  from  the  type  of  this  species  are  as  follows : 

Length  of  dentary  bone 150' 

Space  occupied  by  teeth 130* 

Extent  of  lour  anterior  caniniform  teeth 26* 

Extent  of  twenty  compressed  teeth 105* 
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Height  above  jaw  of  second  lower  tooth 16'' 

Depth  of  dentaiy  bone  at  symphysis 26* 

Height  of  crown  of  compressed  tooth -...  8* 

Transverse  diameter 4* 

This  reptile  was  about  six  feet  in  length,  and  carnivorous  in 
habit  Its  remains  are  from  the  same  localitv  in  New  Mexico 
that  vielded  those  of  NoOtodon. 

Ophiacodon  mirus^  gen.  et  sp.  nov. 

A  third  genus  of  Reptiles  allied  to  the  last  described  is  indi- 
cated by  various  well  preserved  remains  from  the  same  locality. 
The  teeth  are  all  carnivorous  in  type,  conical  in  form,  and  all 
are  similar.  Those  in  the  anterior  part  of  the  jaws  are  recurved, 
and  in  general  shape  resemble  those  of  Serpents.  The  rami  of 
the  lower  jaws  were  united  only  by  cartilage.  The  vertebrae 
are  very  deeply  biconcave,  and  even  perforate,  and  the  intra- 
central  bones  large.  In  the  present  species  the  teeth  are  nearly 
smooth,  and  somewhat  compressed. 

The  following  measurements  indicate  the  size  of  this  reptile : 

Extent  of  anterior  sixteen  teeth  in  dentary 75 .mm 

Extent  of  anterior  five  lower  teeth 20- 

Height  of  crown  of  fourth  lower  tooth 10* 

Depth  of  lower  jaw  at  symphysis 15* 

Extent  of  seven  anterior  maxillary  teeth 33* 

Height  of  crown  of  first  maxillary  tooth  >1 9- 

Antero-posterior  diameter  of  crown 3* 

This  species  was  about  as  large  as  those  described  above,  and 
is  from  the  same  geological  horizon  in  New  Mexico. 

Ophiacodon  grandis^  sp.  nov. 

A  second  larger  species  of  apparently  the  same  genus  is  rep- 
resented by  portions  of  the  jaws,  and  teeth,  and  various  parts 
of  the  skeleton.  In  this  species  the  dentary  bone  is  angular  at 
its  anterior  extremity,  and  triangular  in  section.  Its  external 
surface  is  rugose,  as  m  the  Crocodiles.  The  crowns  of  the  teeth 
are  striate  at  the  base,  and  the  latter  is  furrowed  vertically. 
The  teeth  are  not  so  thickly  set  as  in  the  smaller  species,  and 
the  bases  of  the  crowns  are  somewhat  transverse. 

Measwremants, 

Space  occupied  by  ten  anterior  lower  teeth   140*™" 

Depth  of  lower  jaw  at  symphysis 129- 

Antero-posterior  extent  of  symphysis 25* 

Depth  of  dentary  bone  below  seventh  tooth 30* 

Width  of  dentary  at  this  point 20* 

The  present  species  was  about  ten  feet  in  length,  and  the 
largest  reptile  yet  found  in  this  fauna.  The  remains  are  from 
New  Mexico. 

Yale  College,  New  Haven,  April,  1878. 
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Abt.  LX.  —  On  the  Transmission  of  Sensation  and  Volition 
through  the  Nerves.*  Contribution  from  the  Physical  Labora- 
tory of  the  Cornell  University;  by  M.  M.  Garver,  B.S.,  Pro- 
fessor of  Natural  Science  in  Mercersburg  College,  Pa. 

During  the  winter  of  1875-6  some  experiments  were  made 
in  the  Physical  Laboratory  of  the  Cornell  University,  under  the 
direction  of  Professor  Wm.  A.  Anthony,  to  determine  the  rate 
of  transmission  through  the  nerves.  The  experiments  were 
continued  for  a  period  of  several  months,  during  which  some 
interesting  and,  as  far  as  the  writer's  knowledge  goes,  new 
results  were  obtained. 

The  apparatus  used  for  measuring  the  time  was  a  modified 
form  of  the  Schultz  Chronograph  and  consisted  essentially  of  a 
tuning-fork  making  1281  vibrations  per  second,  a  metallic 
cylinder  covered  with  smoked  paper,  and  an  induction  coil  for 
ffiving  and  recording  signals.  The  cylinder  was  capable  of 
being  rotated  freely  about  a  horizontal  axis  by  means  of  a 
handle.  The  prolonged  axis  of  the  cylinder  was  cut  with  a 
screw  and  worked  in  a  fixed  nut;  consequently  when  the 
handle  was  turned  the  cylinder  gradually  advanced  in  the 
direction  of  its  axis.  The  tuning-fork,  which  was  kept  in 
vibration  and  regulateil  by  one  of  Konig's  automatic  break- 
pieces,  bore  upon  one  of  its  prongs  a  flexible  style  of  brass 
which  was  placed  in  contact  with  the  blackened  paper.  Then 
when  the  tuning-fork  was  set  to  vibrating  and  the  cylinder 

*Thi8  article  consista  principally  of  extracts  from  a  paper  presented  bj  the 
author  for  the  degree  of  B.S.  at  the  annual  conuncncement  of  the  Cornell  XJniyer- 
tity,  June,  1876.  For  that  reason  the  original  name  is  retainodf  although  the 
matter  relating  to  **  volition"  has  been  almost  entirely  omitted. 

Am.  Joub.  Scl— Third  Sbbiss,  Vol.  XV,  No.  90.— JuiOB,  1878. 
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turned,  an  undulating  line  was  traced  spirally  round  the  cylin- 
der; each  one  of  the  undulations  corresponding  to  a  known 
interval  of  tima  The  base  of  the  tuning-fork  was  connected 
with  one  wire  from  the  induction  coil  and  the  cylinder  with 
the  other,  so  that  when  the  primary  circuit  was  broken  a  spark 
would  pass  from  the  end  of  the  style  through  the  paper  to  the 
cylinder,  displacing  the  lampblact  in  its  passage  and  leaving  a 
small  dot  in  the  undulating  line  or  trace. 

The  method  of  using  the  apparatus  was  as  follows :  the  wire 
of  the  secondary  circuit  connected  with  the  tuning-fork  was 
conducted  to  one  side  and  used  to  give  the  signals  by  placing 
a  short  break  in  the  wire  in  contact  with  the  part  of  the  body 
desired,  the  flesh  of  the  body  completing  tne  circuit.  The 
resistance  in  the  primary  circuit  was  so  regulated  that  the 
signal  could  be  distinctly  felt  without  being  painful.  Then  in 
the  primary  circuit  two  Keys  were  necessary,  one  for  the  opera- 
tor with  which  to  give  the  signal  and  one  for  the  individual 
experimented  upon  with  which  to  answer  the  signal.  The 
operator's  key  was  so  arranged  that  the  circuit  could  be  broken 
and  closed  again  by  simply  depressing  the  lever.  The  answer- 
ing key  consisted  of  a  light  vertical  lever,  capped  with  a  small 
insulating  knob  of  ivory  having  a  groove  in  its  upper  surface 
into  which  the  nail  of  the  index  finger  was  placed  in  order  that 
the  circuit  could  be  broken  with  the  least  possible  lost  motion, 
by  simply  flexing  the  finger.  All  the  contacts  of  the  keys 
were  or  platinum. 

When  everything  was  in  readiness,  the  operator  turned  the 
cylinder  and  depressed  his  key ;  the  spark  passed,  giving  the 
signal  and  dotting  the  paper.  As  soon  as  the  signal  was  per- 
ceived, the  finger  was  flexed,  another  spark  passed  and  was 
also  registered  upon  the  smoked  paper.  Then  tne  time  between 
receiving  and  answering  the  signal  was  found  by  counting  the 
number  of  vibrations  which  were  registered  between  the  two 
dots, — the  fractions  of  vibrations  being  estimated  in  tenths  by 
the  eye. 

It  was  found  that  the  time  required  to  perceive  and  answer 
a  signal  even  when  given  at  the  same  point,  varied  consider- 
ably ;  consequently  large  numbers  of  observations  were  neces- 
sary in  order  to  attain  to  anything  like  accuracy  in  the  results. 

The  first  series  of  observations  were  taken  from  the  cheek 
and  foot,  and  the  difierence  in  time  as  computed  from  the 
means  was  0*0412  of  a  second.  The  distance  was  about  five 
and  a  half  feet,  consequently  the  velocity  was  about  188"7  feet 
per  second.  Afterwards,  however,  more  careful  measarements 
were  made,  and  the  difierence  in  time  found  between  the  foot 
and  hip,  hand  and  shoulder,  neck  and  upper  lumbar  region, 
sight  and  hearing,  and  the  probable  errors  of  the  results  com- 
puted according  to  the  usual  method  for  such  cases. 
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In  experimenting  apon  myself  the  time  required  to  answer  a 
signal  given  on  the  left  hand,  as  dedaeed  from  one  hundred 
and  nine  single  observations,  was  found  to  be  0'1572''d='0009" ; 
when  the  signal  was  given  upon  the  shoulder,  the  time  as 
obtained  from  sixty  observations,  was  0'1482''d=*00i0".  The 
difference  is  0<X)9''  and  the  dista|^e,  as  measured,  twenty-three 
inches,  hence  the  velocitv  from  the  data,  was  in  this  case 
218*±  28*6  feet  per  second.    . 

The  results  can  probably  best  be  shown  in  a  table  (see  table 
L)  All  the  series  from  which  these  results  were  obtained  are 
not  given  because  they  would  swell  the  proportions  of  this 
article  to  an  undue  extent ;  and  also  because  the  establishment 
of  the  reliability  of  the  numerical  results  obtained,  it  is 
expected,  can  be  shown  to  be  of  minor  importance. 


^ 

Tahle  L 

Penon  ex- 
perimented 
upon. 

1 

*o 

30 

46 

109 

60 

63 

61 

103 

105 

95 

90 

84 

93 

210 

196 

Point  of 
applicetlon  of 

Time  required 

to 

enewer. 

Difference 

in 

time. 

Unffth 
nenre. 

Velocity  In 
feet  per 
second. 

OwTOT  (3), 
Lee       (S), 

(6). 

Left  foot, 

Left  cheek, 

Left  hand, 

Laft  shoulder, 

Left  hand, 

Left  shoulder, 

Left  foot, 

Left  hip, 

Neck, 

Back, 

Left  foot. 

Left  hip. 

Left  hand. 

Left  shoulder, 

01707' 
0*1296 

0-1672'±-0009' 
01482' ±-0010' 
01686' ±-001 7' 
01532'±0017' 
0-1866' ±-0014' 
0-l755'±-0012' 
01 608*  ±-0009' 
01638' ±'0008' 
0-1927' ±-0014' 
0-1829' ±-0010' 
016425'        ? 
015423'        ? 

•0412* 

•009' 

•01646' 

-0111* 

•0130' 

•0098' 

•00003' 

5ift. 
23  in. 
21  in. 
36  in. 
16iin. 
36  in. 
23  in. 

133-7 

213  ±28*6 

1132±17-4 

270-7  ±45 

106-6  ±101 

307-4  ±476 

60000-  ? 

It  will  be  noticed  that  the  time  in  (4)  and  (6)  differs  con- 
siderably in  the  two  sets  of  observations,  although  taken  from 
the  same  person.  The  difference  can  hardly  be  owing  to  errors 
in  observation,  for  the  sum  of  the  probable  errors  is  less  than 
•008'',  while  the  differences  referred  to  are  -0061''  and  -0074". 
There  was  evidently  a  change  in  the  conducting  power  of  the 
nerve,  or  in  the  mental  status  of  the  individual  during  the 
interval  of  time  which  elapsed  before  the  last  series  were  taken. 
Number  (4)  was  taken  Jan.  8th  ;  number  (6)  a  week  later. 

Number  (7)  gives  an  extraordinary  result.  It  is  so  very 
kuige  that  it  can  hardly  be  regarded  otherwise  than  as  erroneous. 
Doubtless  there  was  a  change  in  condition  while  taking  the 
observations,  for  all  the  observations  from  the  hand  were  taken 
before  any  were  taken  from  tbe  shoulder,  and  the  fatigue  inci- 
dent upon  taking  so  large  a  number  of  observations  is  con- 
riderable,  so  that  it  can  hardly  be  claimed  that  the  experiments 
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were  made  under  exactly  the  same  conditions.  If,  however, 
the  observations  had  been  taken  alternately  from  hand  and 
shoulder,  any  change  in  condition  would  have  affected  both 
alike,  and  although  the  mean  time  might  have  increased  or 
diminished,  the  aiflFerences  would  not  have  been  materially 
affected.  It  is  unfortunate  th^t  the  order  of  the  observations 
was  not  preserved,  for  then  the  whole  series  could  have  been 
broken  up,  and  the  change,  if  any,  detected.  This  series  will 
be  again  referred  to  hereadtter. 

Experiments  were  also  made  to  determine  the  relative  time 
reouired  for  receiving  sensations  through  the  eye  and  ear. 
Taole  n  exhibits  the  results  obtained  from  four  different 
individuals. 


Table  U. 

Maine. 

Time  from 
**8lgbttoIumd/* 

Tlmefh>m 
**  ear  to  huid.** 

DtfTerenceln 
Ikrorof  tbeeer. 

Lee  

01628'±0011' 
01793' ±0012' 
01866' ±-0015' 
01808' ±-0036' 
0-1 809*  ±0018' 

01327' ±0009' 
01369' ±0019' 
01661' ±0016' 
0-1364' ±0020' 
01439' ±-0015' 

•0301' 

Gftrver  .   

•0434' 
•0205' 

Brown 

0444' 

filake 

•0370' 

It  will  be  noticed  that  the  time  required  to  hear  a  sound  is 
in  all  cases  less  than  that  required  to  see  a  light ;  and  the  dif- 
ference is  suflBcient  to  allow  a  sound  to  traverse  a  distance  of 
from  twenty  to  thirty  feet  and  still  be  perceived  as  soon  as  a 
light  emanating  from  the  same  point  at  the  same  instant. 

In  determining  the  time  from  *'ear  to  hand,"  the  induced 
spark  from  the  coil  was  made  to  pass  in  close  proximity  to  the 
ear,  and  the  time  registered  as  in  the  other  cases.  In  finding 
the  time  from  **  sight  to  hand,"  it  was  necessaiy  to  eliminate 
the  sound  of  the  spark,  and  in  order  to  accomplish  this  a  small 
glass  tube  was  fitted  with  platinum  wires  so  as  to  give  a  spark 
about  an  inch  in  length,  and  partially  exhausted  of  air.  If 
the  exhaustion  be  properly  regulated,  the  spark  is  sharp  and 
distinct,  but  perfectly  noiseless. 

It  would  seem  that  experimenters  in  attempting  to  determine 
the  velocity  of  nervous  transmission,  have  generally  assumed 
that  under  the  same  circumstances,  the  rate  of  transmission  is 
constant  Let  us  analyze  a  few  series  of  observations  and  see 
what  light  they  throw  on  the  subject 

If  the  rate  be  constant,  or  if  the  determination  of  the  rate 
involve  no  other  elements  than  those  found  in  measuring  an 
ordinary  fixed  magnitude,  the  observations  when  plotted  for 
the  purpose  of  determining  the  accidental  errors,  snould  give 
a  curve  approximating  to  that  shown  in  fig.  1,  which  is  the 
well-known  curve  of  probability.     And  inversely,  it  must  be 
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evident  that  if  tbe  "er- 
rors" are  iMt  accidental, 
but  are  governed  b;  some 
otber  law,  the  fonn  of  the 
curve  will  vary  accord- 
ingly, and  mav  serve  to 
give  a  clue  to  tne  new  law. 
The  readings  were  taken 
in  vibrations  and  tenths, 
the  value  of  which  was 
determined  once  for  all. 
Let  US  take  as  examples 
two  series  where  the  sig- 
nals were  given  on  the  l^t 
foot  and  answered  as  in 
every  case  by  flexing  the 
index  finger  of  the  right 
hand.  The  number  of 
times  each  number  ap- 
being  ased  instead  of  the 


VT 


',  frhen   «  is   the  ban   of  tl 


KipieHan  Bjatem  of  logarithms,  v  the  pmba- 
Ul^,  and  A  ([.  e.,  x)  the  T&lue  of  the  erron. 
Tie  scale  of  the  ordiaatea  la  made  four  times 
th»(  ol  the  abadsBS  ia  order  to  show  the 
character  ol  the  curre  more  distinctly. 

peared  was  as  follows,  the  sign  = 
word  "appeared:" 


34-7 

16-  3 

lT-2 

35-0 

17=  4 

23=8 

18-1 

se-0 

IB-  4 

34-3 

19=< 

»=0 

19=  t 

36=1 

30=3 

!B=1 

30=10 

38=3 

There  were  tenths  in  many  instances,  but  for  the  sake  of 
brevity  they  have  been  omitted. 


Now  if  the  curves  representing  these  observations  be  plotted, 
they  will  be  seen  to  have  two  or  three  maxima  and  minima, 
•od  evidently  come  nnder  the  second  case.     (See  figs.  2  and  3). 

The  two  principal  maxima  differ  by  three  vibrations,  i.  e.,  by 
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about  jV  °^  ^  second.     And   here   is  anotber  peculiarity  to 
wbicb   attention   is   particularly  called,   for   it   may  serve  to 


explain  the  anomaloas  results  obtained  in  some  particular 
cases.  The  maxima  in  I  (fig.  2)  occur  at  21  and  24,  while  in 
n  (Gg.  8)  tbey  appear  at  20  and  2S,  showing  an  evident  change 
in  the  condition  of  the  nerve.  The  observations  in  H  were 
taken  the  day  after  those  in  I,  otherwise  the  conditions  were 
apparently  the  sama  It  is  impossible  to  tell  when  the  change 
took  pla^e  or  to  tell  the  cause,  but  if  such  a  change  should 
occur  during  the  time  occupied  in  taking  the  observations,  it 
is  manifest  that  the  results  would  be  materially  affected  and 
the  peculiar  p«-ibdi'ci(y  of  the  results  more  or  less  destroyed. 

A  few  more  examples  showing  a  periodicity  will  be  given, 
but  instead  of  plotting  out  in  curves,  it  will  be  sufficient  to 
indicate  the  groups  by  braces.  The  numbers  at  the  right  indi- 
cate approximately  the  difference  between  the  means  of  the 
groups ;  2i  vibrations  being  equivalent  to  a  little  less  than  jV 
of  a  second.* 


20=  4 
tl  =  ll) 

H=1S 


=  1  1 

=  41  1 

=  1  I  34   ] 
-  if  Tib.  I 

'-V     I 


*  The  exact  rate  of  the  fork  during  these  eiperimeiitB  wu  128' 1  Tibratknti  [Mr 
Beoond.    PreTioQS  to  the  iMt  experiments,  in  Dea,  18T6,  the  fork  i    ' 
•une  repain,  lAer  which  its  rate  wm  137-8. 
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The  diflFerence  between  VII  and  VIII  is  very  marked,  and 
by  simple  inspection,  noticing  the  position  of  the  maxima,  we 
can  determine  pretty  closely  the  diflference  in  time  between 
hand  and  shoulder.  It  appears  to  be  two  vibrations,  corre- 
sponding very  closely  to  the  diflference  between  the  means, 
which  was  found  to  be  1 '98  vibrations. 

In  the  same  way  let  us  examine  the  experiments  which  gave 
the  anomalous  results  before  mentioned. 


IX. 

Lm. 

X. 

Lee. 

«*HADdtohand.** 

''Shoulder  to  hand.** 

U=   0 

23  =  10 

14=  3 

19=U1 

15=  5 

24=  6 

16=  6 

20=26 

J6=10 

25=  5 

16=11 

21=21 

6 

1T=28 

26=  4 

17=28 

22=  7 

'vib. 

18=40 

27=  1 

18=34 

23=  7 

19=61 

28=  1 

t4=ll 

20s:22 

•     •     •     • 

25=  T 

,  vib. 

2I=rU 

31=  1 

26=  1 

22=12 

«T=  % 

In  X  the  series  shows  a  tendency  to  break  up  into  three 
groups,  the  means  of  the  first  two  differing  by  something  over 
nve  vibrations,  corresponding  to  about  -^-g  of  a  second ;  and 
this  peculiarity  will  be  sometimes  noticed,  that  is,  if  the  inter- 
val jV  of  a  second  does  not  appear,  an  interval  of  twice  that 
length  maj[  occur.  In  IX,  however,  no  period  is  observable, 
ana  the  series  corresponds  to  the  theoretical  form  of  a  series  of 
observations  to  determine  the  value  of  a  fiaed  magnitude.  It 
has  been  shown  how  this  might  occur  by  the  combination  of 
series  each  periodic  in  its  character ;  but  whether  this  is  so  or 
not  in  this  case,  it  is  impossible  to  say.  The  means  obtained 
finom  these  two  series  are  very  nearly  equal,  and  gave  the 
doubtful  results  previously  mentioned. 

But  it  may  be  ui^ed  that  the  periods  here  shown  are  not  very 
marked  and  may  be  caused  by  some  imperfection  in  the  appa- 
ratus employed.  In  that  case  I  would  refer  to  experiments 
made  with  entirely  different  apparatus,  where  the  measurements 
depend  upon  other  methods.  A  few  examples  out  of  the  many 
which  occur  in  Dr.  Burckhardt's*  work  will  be  given.  The 
readings  are  in  millimeters  and  correspond  to  *01  of  a  second ; 
two  millimeters  then,  being  nearly  equivalent  to  two  and  a  half 
vibrations.  The  signal  was  a  tactile  one  given  by  a  liffht  lever, 
and  required  in  answer  the  movement  of  a  stipulated  muscle. 
The  following,  with  the  exception  of  the  XIV,  are  taken  from 
pp.  69  and  60. 

The  numbers  in  heavy  type  are  those  from  which  he  esti- 
mated the  "  norm  "  or  mean.     The  periodicity  is  evidently  the 

*  Barokfaardt:  Die  physiologiflche  Diagnostik  der  Nenrenkrankbeiten,  Leipzig, 
1876. 
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same  as  that  obtained  in  our  experiments,  and  must  have  its 
foundation  in  the  same  caose. 


RitMfooi. 
5=1 
9z=t 
10=3 
11=4 
12=5 
U=t 


TIL 
LcftfooL 

9=1 
10=5 
11=4 
11=5 
IS=8 


XIUL 


XV. 


14=3     (   . 
15=10  i*^ 


li=7 
IT=T 

18=4 
19=3 


15=10  (*^ 

n=g  \^ 


18=0 
19=4 


0=4 
1=3 
t=t 

S=lf 

4=8 
5=3 
6=2 

7=8 
8=3 


/r 


16=1 

n=3 

18=4 
lt=7 

21=3  I    , 
22=2  [  ^ 
t«=4j 
24=1 


10=3 
11=8) 

12=4  [.^ 

W=H) 

14=3  )    , 

IS=8  f  ^ 

16=4 

17=3 

18=3 


From  the  many  examples  of  the  occnrrence  of  these  periods, 
it  would  appear  that  they  have  their  origin  in  the  physical  or 
mental  action  of  the  individual,  but  their  physiological  or  psy- 
chological significance  is  not  known,  and  tne  complete  elucida- 
tion can  be  hoped  for  only  through  the  aid  of  more  extended 
investigations. 

In  December,  1876,  another  method  was  tried  by  which  it 
was  hoped  that  results  having  smaller  probable  errors  could  be 
obtained  and  at  the  same  time  throw  light  upon  the  periodicity 
of  previous  resulta  The  experiments  failed  to  fulfill  expecta- 
tions principally,  perhaps,  on  account  of  the  imperfect  working 
of  the  apparatus,  but  nevertheless  some  important  facts  were 
learned  I  am  confident  that  the  same  or  a  similar  method 
cannot  fail  to  give  interesting  results  if  proper  apparatus  be 
enaployed 

in  all  the  previous  experiments  the  signals  were  given  at 
irregular  intervals  so  as  to  avoid  anything  like  rhythm,  thus 
requiring  an  act  of  perception  and  an  act  of  volition  for  each 
observation ;  and  from  what  has  been  shown,  it  appears  that 
these  two  acts  cannot  be  performed  with  any  great  d^ree  of 
regularity.  In  order  then,  if  possible,  to  obviate  this  dimculty, 
the  signals  were  made  to  follow  each  other  as  nearly  as  may  be 
with  perfect  isochronism.     The  method  used  was  this : 

With  the  same  registering  apparatus  previously  described, 
two  induction  coils  were  used,  one  of  which  in  connection  with 
the  pendulum  of  a  clock  was  made  to  give  the  signals  at  inter- 
vals of  a  second,  each  beat  of  the  clock  giving  a  signal  which 
was  registered  upon  the  smoked  surface.  The  other  coil  in 
connection  with  the  answering  key  was  used  to  raster  the 
answers.  Two  coils  are  necessary  because  when  but  one  is 
used  the  answer  is  also  felt  and  interferes  with  the  rhythmical 
order  of  the  signals.  Part  of  the  difference  in  time  between 
the  registered  signals  and  answers  must  evidently  be  due  to  the 
delay  caused  by  the  passage  of  sensation  through  the  nerve, 


M.  IL  Oarver — Sensation  and  Volition  through  the  Nerves.  421 

and,  if  the  rate  of  transmission  is  uniform,  will  be  proportional 
to  the  length  of  the  nerve. 

The  first  attempt  was  made  by  simply  trying  to  beat  time 
with  the  index  finger  of  the  right  hand  to  signals  given  on  the 
back  of  the  left  hand.  Great  care  was  taken  to  prevent  any 
idea  of  the  time  being  received  except  tlirongh  the  nerves  experi- 
mented upon.  On  examining  the  register  after  the  first  set  of 
observations  was  taken,  it  was  found  that  the  answers  some- 
times followed  and  sometimes  preceded  the  signals  and  did  not 
have  the  r^ularity  expected.  Upon  noticing  that  the  signal 
had  been  freauently  anticipated,  I  made  a  new  efibrt,  taking 
great  pains  to  be  sure  that  the  signal  was  felt  each  time  before 
answering.  A  few  observations  were  then  taken,  and  after 
stopping  a  short  time  to  examine  the  eflFect,  a  few  more  were 
taken.  The  following  was  the  result,  the  tuning-fork  making 
127*8  vibrations  per  second. 

XVI.  XVII. 


36 

33 

38-5 

28-4 

44 

32-4 

30 

33-7 

35 
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38-8 

33*5 

33-6 

46 
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49 

31-2 
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40 

42-6 

41 

43-5 

36-5 

42 

43 

49 

49 

42  5 

36-2 

47-4 

Mean=34*8 


Mean=42-8 

Here  then,  we  have  two  sets  of  observations  taken  within  a 
few  minutes  of  each  other,  the  external  conditions  to  all  in- 
tents and  purposes  exactly  alike,  yet  differing  from  each  other 
in  a  marked  degree ;  the  mean  of  the  second  (XVII),  exceeding 
the  mean  of  the  first  (XVI)  by  nearly  26  per  cent.  The  differ- 
ence is  probably  due,  at  least  in  part,  to  an  error  in  judgment 
or  inability  to  recognize  the  exact  instant  at  which  the  signal 
was  given. 

XVlil.  XIX. 

32 

35 

29-H 

33-7 

34 

35-4 

35-6 

37-6 

Two  more  sets  (XVIII  and  XIX)  taken  two  days  afterwards, 
under  as  nearly  as  possible  the  same  external  conditions,  ex- 
hibit another  phase.  Here  it  is  seen  that  XIX,  taken  a  few 
minutes  after  aVHI,  commenced  as  on  the  previous  day,  with 
a  marked  increase  over  the  preceding  values,  but  gradually 
decreased  nearly  one-half  in  comparatively  few  observations. 
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26 
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Not  obtaining  very  satisfactory  results  on  account  of  the 
imperfect  working  of  one  of  the  coils,  which  failed  to  register, 
the  investigation  was  broken  oif  at  this  point  The  iaiperfec- 
tion  mentioned  could  not  affect  Uie  accuracy  of  the  results 
obtained;  the  coil  would  simply  cease  working.  It  gave 
'*  accurate  results  or  none  at  alL 

There  are  too  few  observations  in  any  one  of  the  last  series, 
to  give  any  marked  indication  of  the  periodicity  noticed  in  the 
renults  obtained  by  the  first  method;  but  nevertheless,  series 
XVn,  on  analysis,  shows  a  tendency  to  break  into  diree  groups, 
differing  by  six  and  a  half  vibrations.     Thus: 


XVIL 

Owrer  •*  Hand  to  ttud.** 

31=1 

43=3 

^ 

44=0 

u=r 

45=1 

46=1 

io=i 

^GiTib. 

47  =  1 

41  =  1 

48=0 

a=4 

49=S 

GiTib. 


It  is  very  improbable,  to  say  the  least,  that  certain  values 
should  be  selected  and  certain  others  be  rejected  in  this  way 
without  some  cause  beyond  that  of  mere  accident 

The  period,  it  will  be  noticed,  differs  somewhat  in  different 
individuals  but  is  almost  constant  in  the  same  individual.  The 
doubling  may  be  caused  by  the  obliteration  of  one  of  the  nor- 
mal groups,  or  as  it  appears  sometimes,  by  the  rejection  of  the 
intermediate  values. 

It  may  not  be  amiss  to  suggest  an  explanation  of  the  "  peri- 
odicity "  however  liable  it  may  be  to  be  overthrown  by  further 
investigation. 

It  seems  that  when  an  individual  is  experimented  upon  as  in 
the  given  cases,  he  is  conscious  of  being  surprised  by  the  signal 
even  when  expecting  it  And  sometimes  the  surprise  is  such 
that  he  forgets  to  answer  until  he  is  conscious  of  considerable 
time  elaping.  At  times  he  has  to  "think  twice"  before  he 
moves  his  finger  or  stipulated  muscla 

My  own  experience  is  that  even  when  concentrating  the  ut- 
most attention  upon  the  point  of  application  of  the  signal,  I  was 
sometimes  aware  that  the  signal  was  not  answered  as  soon  as  it 
might  have  been  ;  while  at  other  times  no  appreciable  time  ap- 
peared to  pass  before  answering.  Knowing  then,  that  there  is 
a  variable  element  entering  after  consciousness,  it  might  not  be 
going  too  far  to  assume  that  the  variation  is  entirely  cerebral 

Could  not  such  a  periodicity  have  its  origin  in  the  transfer 
mation  lying  between  sensation  and  volition?     It  is  readily 
conceivable  that  such  might  be  the  case  and  be  of  such  a  nature  • 
as  to  resemble  an  "  increment  to  the  judgment" 

Meroeraburg,  March,  1878. 
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Art.  LXI. — 7%c  Upper  Devonian  Bocks  of  Southwest  Pennsyl- 
vania ;  by  John  J.  Stevenson,  Professor  of  Geology  in 
the  University  of  New  York. 

The  Vespertine  or  Pocono  sandstone  of  the  Pennsylvania 
Survey  is  a  massive  sandstone  from  850  to  450  feet  thick  in 
soathwestem  Pennsylvania,  and  is  the  lower  division  of  the 
Lower  Carboniferous  rocks.  In  Fayette  and  Westmoreland 
Counties,  under  Laurel  and  Chestnut  Ridges,  the  last  of  the 
Alleghany  Ridges  toward  the  west,  the  Vespertine  sandstone 
rests  immediately  upon  a  mass  of  gray  to  reddish-gray  sand- 
stones, interstratified  with  red  to  gray  and  olive  shales. 

These,  representing  the  upper  portion  of  the  Devonian,  are 
well  exposed  in  the  gaps  of  the  Conemaugh  River  through  the 
two  ridges,  as  well  as  in  the  similar  gaps  made  by  the  Youghio- 
gheny  River.  In  Laurel  Ridge  there  are  a  few  imperfect  expos- 
ures in  the  deeper  gorges  made  by  the  larger  streams  within 
Westmoreland  and  northern  Fayette.  In  Chestnut  Ridge  there 
are  no  exposures  of  the  Devonian  in  Westmoreland  County,  but 
in  Fayette,  south  from  the  Youghiogheny  River,  these  rocks 
are  shown  in  the  gap  made  by  Dunbar  Creek,  as  well  as  on  the 
National  Road,  and  in  the  deep  gorges  made  by  Shute's  Run, 
Bedstone  Creek  and  the  principal  tributaries  to  Sandy  Creek. 

Lithologically,  the  transition  from  the  Vespertine  or  Pocono 
sandstone  to  the  Devonian  rocks  is  sufficiently  distinct.  The 
great  sandstone  breaks  down  into  a  sandy  shale,  interstratified 
with  some  ar^llaceous  shale,  which  in  turn  becomes  merged 
into  the  well-defined  red-gray  to  olive  shales  and  sandstones 
representing  the  Upper  Devonian.  During  the  hasty  examina- 
tion of  1876,  I  was  unable  to  make  any  close  study  of  the  sec- 
tion, and  so  provisionally  regarded  the  lower  rocks  as  belonging 
to  the  same  series  with  the  upper.  This  conclusion  was  given 
in  my  report  to  Professor  Lesley  for  1876.  But  the  examina- 
tions maae  in  the  several  gaps  during  1877  showed  the  previous 
conclusion  to  be  erroneous,  and  that  the  lower  portion  of  the 
section  from  the  very  base  of  the  Pocono  sandstone  is  Devonian 
and  not  Lower  Carboniferous. 

A  general  section  of  the  Devonian  rocks,  as  observed  in  the 
gaps  mentioned  above,  is  as  follows : — 

1.  Shales  and  thin  gray  sandstones 80  feet. 

2.  White  to  reddish-gray  sandstones  with  some  shale 70    '^ 

8.  Reddish-ffray  micaceous  sandstones  with  red  to  gray 

and  ohve  shales 160    " 

4.'  Red  to  gray  shaly  sandstones  with  variegated  clays 

and  shales 200    " 

Total 600   " 


424  J,  J.  Sievenmm — Upper  Devonian  Bodes  of  Penngglvania. 

Lithologicallj,  the  top  portion,  No.  1  of  the  section,  is  a 
traDsition  mass,  more  closely  related  to  the  overlying  than  to 
the  underlying  rocks.  Bat  its  relations  are  clearly  shown  by 
the  fossils  which  occur  in  it  This  part  of  the  section  is  well 
exposed  in  the  several  gaps  referred  to,  as  well  as  on  the 
National  Boad  as  it  winds  up  the  western  »de  of  Chestnut 
Bidge  in  Fayette  County.  At  all  localities  examined  it  shows 
the  same  character,  the  sandstones  are  light-gray  to  brown  and 
in  thin  beds,  while  the  shales  vary  from  Drown  to  dull  blue. 

By  far  the  greater  part  of  the  rest  of  the  section  consists  of 
shale  and  shaly  sandstone,  in  almost  equal  proportions  and  in 
alternating  layers,  from  two  to  four  feet  thick.  The  sandstones 
are  exceedingly  micaceous,  and,  on  the  Conemaugh  Biver,  are 
for  the  most  part  little  more  than  a  compact  micaceous  mud ; 
but  in  both  gaps  of  the  Youghiogheny  there  are  compact  gray 
sandstones,  good  enough  to  be  used  for  building  purposes.  On 
the  National  Boad,  ten  or  twelve  miles  south  from  the  Youghio- 
gheny Biver,  the  shale  and  micaceous  sandstones  re-appear  as 
on  the  Conemaugh.  These  micaceous  sandstones  are  reddish- 
brown^  have  a  concretionary  structure  and  for  the  must  part 
break  down  readily  on  exposure  to  the  weather.  Character- 
istic fossils  are  found  throughout  the  section  and  many  of  the 
harder  layers  have  their  upper  surfaces  covered  by  a  close  mat 
of  f  ucoids. 

A  curious  conglomerate,  from  ten  to  twenty  feet  thick, 
occurs  near  the  middle  of  the  section  and  seems  to  be  per- 
sistent, having  been  seen  under  Chestnut  Bidge  on  the  Cone- 
maugh and  Youghiogheny  rivers  as  well  as  on  the  National 
Boad.  It  is  very  much  like  that  at  the  base  of  the  Vesp>ertiDe 
or  Pocono  sandstone,  but  the  pebbles  are  not  flattened  and  they 
are  much  larger  than  those  seen  in  any  other  conglomerate 
exposed  within  southwest  Pennsylvania.  They  are  oval,  tho^ 
oughly  rounded  and  polished  as  by  long  rolling  in  water. 
Most  of  the  larger  pebbles  are  quartz,  but  with  them  are  others 
of  felsite-porphyry,  quite  soft,  which  had  been  blackened  exte- 
riorly before  they  were  embedded  in  the  material  cementing 
the  mas& 

Relations  of  these  Rocks, 

In  the  final  report  of  the  First  Geological  Survey  of  Penn- 
sylvania, Formation  IX,  the  red  Catskill  of  New  York,  is 
mentioned  as  occurring  in  the  district  under  oonsideratioD. 
Following  that  report,  1  intimated  in  my  second  annual  report 
to  Professor  Lesley  that  the  rocks  described  in  this  article 
might  be  referred  to  that  formation  ;  on  the  maps  accompany- 
ing my  third  annual  report,  now  passing  through  the  pre^  the 
areas  are  colored  as  Catskill.     This,  which  was  done  to  pre- 
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serve  unity  in  the  maps  of  the  survey,  is  not  in  full  accord 
with  the  facts. 

To  determine  the  relations  of  rocks  one  may  be  guided  by 
lithological  characters  and  relative  position,  or  if  possible  he 
may  trace  the  rocks  to  some  typical  locality,  or  should  fossils 
be  present  he  may  make  his  determinations  by  means  of  those. 
For  the  most  part,  geologists  are  satisfied  to  abide  by  the  last 
test,  as  it  is  of  universal  application  and  saves  a  great  expendi- 
ture of  time  and  labor.  But  some  geologists  are  disposed  to 
think  the  simpler  method  inaccurate,  and  seem  inclined  to  rebel 
against  an  imagined  assumption  on  the  part  of  paleontologists. 
It  is  desirable  then  to  ascertain  whether  or  not  the  relations  of 
these  rocks  can  be  determined  by  tracing  or  by  lithological 
characters. 

The  bold  anticlinal  axes  of  southwest  Pennsylvania  are  the 
Alleghany  Mountains,  N^ro  Mountain,  the  Viaduct  axis. 
Laurel  Ridge  and  Chestnut  Bidge,  all  mountainous  for  the 
greater  portion  of  their  extent  within  the  State  of  Pennsyl- 
vania. Under  these  axes  alone  may  one  look  for  exposures  of 
the  lower  strata,  for  away  from  them  the  surface  rocks  belong 
to  the  Coal  Measurea 

An  exposure  under  the  Alleghanies  in  Maryland  reaches 
below  the  Pocono  or  Vespertine  sandstone,  but  northward 
there  is  no  described  exposure  anywhere  on  the  west  side  of 
those  mountains  in  Somerset  County  of  Pennsylvania;  and,  as 
far  as  can  be  ascertained  from  the  report  of  Mr.  Piatt's  close 
survey,  the  deepest  ^orge  on  that  side  is  cut  down  only  to  the 
rocks  of  Formation  XI,  the  Umbral.  But  in  Cambria  County, 
which  is  immediately  north  from  Somerset,  the  exposures 
extend  below  Formation  X,  the  Vespertine. 

N^pro  Mountain  separates  itself  irom  the  All^hany  Moun- 
tains in  northern  Maryland  and  passes  through  Somerset 
County  of  Pennsylvania,  dying  out  in  southern  Cambria,  as 
may  lie  learned  from  the  reports  of  the  Messrs.  Piatt  upon 
those  countiea  No  exposure  in  this  ridge  extends  below  Forma- 
tion X. 

The  Viaduct  axis  separates  itself  from  the  Negro  Mountain 
in  northern  Maryland  and  continues  as  a  strong  axis  through 
Somerset,  Cambria  and  Clearfield  Counties  of  Pennsylvania. 
But  it  nowhere  shows  anything  below  the  upper  portion  of 
Formation  X,  as  appears  from  the  reports  made  oy  Messrs.  F. 
and  W.  G.  Piatt. 

Laurel  Bidge,  at  the  line  between  Pennsylvania  and  West 
Virginia,  exposes  only  the  upper  portion  of  the  Umbral,  XI, 
bat  at  the  Youghiogheny  Eiver,  the  upper  part  of  the  Devonian 
is  reached,  its  section  being  exposed  by  the  railroad  cuts. 
Here  and  there,  northward  from  the  Youghiogheny,  a  deep 
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gorge  is  cut  down  to  the  Devonian,  but  owing  to  the  thick 
coat  of  debris,  no  exposures  occur  and  no  section  can  be 
obtained  south  from  the  Conemaugh  River.  The  fold  declines 
north  from  that  river,  so  that  the  gaps  made  within  Cambria 
County  by  Chest  and  Black  Lick  Creeks  reach  barely  to 
Formation  X,  and  no  gap  in  Clearfield  County,  south  from  that 
of  the  west  branch  of  the  Susquehanna,  seems  to  expose  any 
lower  rock.  These  facts  are  gathered  from  the  reports  of 
Messrs.  F.  and  W.  G.  Piatt  on  Cambria,  Somerset  and  Clearfield 
Counties,  and  from  my  own  careful  observations  in  Fayette 
and  Westmoreland. 

Chestnut  Bidge  first  shows  the  Devonian  rocks  near  the 
National  Boad  in  Fayette  County,  but  thence  northward  the 
axis  diminishes  in  strength,  a  given  stratum  being  fully  1,000 
feet  lower  at  the  Conemaugh  than  at  the  National  Boad. 
Between  that  road  and  the  Youghiogheny  Biver,  several 
gorges  are  cut  down  to  the  Devonian,  but  no  section  can  be 
obtained  until  the  Youghiogheny  Biver  is  reached.  North 
from  the  river,  owing  to  the  decline  of  the  axis  in  that  direc- 
tion, the  deepest  gorges  soon  fail  to  reach  the  Devonian  and 
no  exposure  exists  between  the  Youghiogheny  and  the  Cone- 
maugu.  North  from  the  Conemaugh  the  fold  still  decreases  in 
strength,  as  is  well  shown  by  the  fact  that  the  Lower  Coals 
creep  constantly  higher  up  its  sides,  so  that  the  gaps  made  by 
Black  Lick  and  otner  streams  cannot  do  more  than  barelv  to 
reach  Formation  X,  especially  since  the  great  Conglomerate  of 
XII  thickens  very  materially  in  that  direction,  as  abundantly 
appears  from  the  report  on  Clearfield  County  by  Mr.  Franklin 
Piatt 

There  is  no  exposure  whatever  for  more  than  fifty  miles 
along  the  west  slope  of  the  Alleghany  Mountain  ;  no  exposure 
occurs  in  Negro  Mountain  or  the  Viaduct  axis,  so  that  no 
exhibition  of  Devonian  Bocks  appears  between  the  Alleghanies 
and  Laurel  Bidge,  a  distance  of  twenty-five  miles  in  an  east 
and  west  direction ;  there  are  three  exposures  within  seventy- 
five  miles  along  Laurel  Bidge,  the  intervals  being  forty  and 
thirty-five  miles;  while  in  Chestnut  Bidge  there  are  three 
exposures  within  sixty  miles,  the  intervals  being  ten  and 
thirty -five  miles.  Surely  under  such  circumstances  one  may 
hesitate  before  accepting  any  conclusion  based  on  mere  strati- 
graphy. 

But  is  lithology  any  better?  At  all  exposures  to  which 
reference  has  been  made,  except  those  in  Clearfield  County, 
respecting  which  I  have  no  knowledge,  rocks  more  or  less 
similar  in  appearance  are  found  immediately  below  Formation 
X,  which  is  believed  to  represent  the  gray  Catskill  of  New  York 
As  they  are  at  the  top  of  the  Devonian,  they  are  likely  to  be 
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Gatskill  or  Chemung,  or  to  represent  both  groups,  unless  indeed 
those  have  thinned  out  Professor  H.  D.  Kogers  thus  describes 
the  Chemung  and  Catskill  of  Pennsylvania: — 

"VERGENT  SERIES. 

"  Vergent  Flags  {Portage  flaas  of  New  Tork\ — A  rather 
fine-grained  gray  sandstone  in  thin  layers,  parted  by  thin 
alternating  bands  of  shala  It  abounds  in  marine  vegetation. 
Thickness  in  Huntingdon  1,700  feet 

"Vergent  Shales  {Chemung  group  of  New  York\ — A  thick 
mass  of  gray,  blue  and  olive-colored  shales,  ana  gray  and 
brown  sandstones.  The  sandstones  predominate  in  tne  upper 
part,  where  the  shales  contain  many  fossils.  Thickness  in 
Huntingdon  8,200  feet. 

'*PONENT  SERIES. 

"PoNENT  Red  Sandstone  {Catskill  group  of  Nexo  York).--- 
In  its  fullest  development  this  is  a  mass  of  very  thick  alternat- 
ing red  shales  with  red  and  grav  argillaceous  sandstones.  It 
has  very  few  organic  remaina  Among  them  is  Holoptychius^ 
and  one  or  two  other  remarkable  fossil  fishes,  of  genera  dis- 
tinctive of  Old  Red  Sandstone.  This  formation  has  its  maxi- 
mum thickness  in  its  southeastern  outcrops,  where  it  measures 
more  than  5,000  feet." — Final  Hep.  First  OeoL  Surv.  Penn., 
vol.  1,  p.  108. 

On  pa^es  140,  141  and  142  of  the  same  volume.  Professor 
Bogers  gives  some  further  details  respecting  the  lithological 
characters  of  the  rocks.  In  the  northwest  belt,  the  Vergent  or 
Portage  flags  consist  of  dark  gray  flaggy  sandstones  parted  by 
thin  layers  of  blue  shale,  with  large  marine  plants  and  a 
Niicuta  as  the  chief  fossils,  while  in  the  next  belt  toward  the 
west  they  are  made  up  of  thin-bedded,  fine-grained,  siliceous 
gray  sandstones,  intimately  alternating  with  blue  and  greenish 
shales. 

In  the  middle  belt,  the  Vergent  Shales  or  the  Chemung  con- 
sists of  gray,  red  to  olive  sandy  shales,  with  gray  and  red 
argillaceous  sandstones,  but  no  details  are  given  respecting  this 

Soup  in  the  belts  west  or  northwest  from  the  Alleghany 
ountains. 

In  the  northwest  belt,  the  Ponent  or  Catskill  consists  of  fine 
and  argillaceous  sandstones,  with  an  increase  of  red  and  green 
shale  and  with  some  calcareous  lay  era 

On  page  798  of  vol.  ii  of  the  same  report,  Professor  Rogers 
points  out  the  similarity  between  the  deposits  of  the  Ponent 
and  Vei^ent,  and  states  that  the  sediments  of  the  former  are 
quite  as  impalpable  as  are  those  of  the  latter. 

If  all  these  descriptions  be  compared  with  those  already 
given  of  the  rocks  occurring  in  the  gaps  of  the  Youghiogheny 
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and  Conernaagh  through  Laurel  and  Chestnut  Ridges,  it  will 
be  seen  that,  as  &r  as  lithologieal  characters  are  concerned, 
those  rocks  may  be  either  Gatskul  or  Chemung,  though  indeed 
the  evidence  seems  to  be  rather  in  favor  of  their  being  Che- 
mung, for  iTone  wished  to  describe  them  briefly  and  compre- 
hensively, he  could  do  no  better  than  to  combine  Professor 
Rogers'  descriptions  of  the  Portage  and  Chemung,  thus: — 

'^  A  rather  fine-grained  gray  and  brown  sandstone  in  thin 
layers  parted  by  alternating  bands  of  gray,  blue,  olive  and  red 
shales.  It  abounds  in  marine  vegetation,  and  in  the  upper  part 
the  shales  contain  many  fossila" 

Since  it  would  be  excessively  difficult  to  determine  the  rela- 
tions of  these  rocks  by  mere  stratigraphy,  and  since  the  litho- 
logieal characters  fail  to  throw  any  distinct  light  upon  the 
matter,  the  third  test  must  be  employed. 

What  are  the  fossils? 

In  the  Summer  of  1877,  while  making  examinations  in  the 
Conemaugh  Gap  through  Chestnut  Ridge,  I  found,  almost  mid- 
way in  the  section  given  on  another  page,  numerous  specimens 
of  kSpirifer  VerneuiUi,  Rhynchonella  Stephani  and  iStreptorhynchuB 
OhemungensiSj  associated  with  many  lamellibranchs  and  poorly 
preserved  brachiopods,  which  could  not  be  determined  at  the 
tima  Further  examination  showed  that  these  species  occur  up 
to  within  eighteen  inches  of  the  undoubted  Pocono  sandstone,  or 
Formation  iL  The  same  species  were  found  in  abundance  on 
the  National  Road  as  well  as  in  the  Youghiogheny  Gaps;  and, 
at  all  localities,  the  harder  layers  at  from  100  to  160  feet  below 
that  sandstone  are  covered  by  a  thick  mat  of  fucoids,  many  of 
which  have  very  thick  stems  and  are  several  feet  long. 

In  order  that  no  doubt  might  remain  respecting  these  species, 
I  sent  some  specimens  to  Professor  Hall,  who  has  made  out  the 
following  list; — 

1.  Lingulaj  sp. ;  2.  Discina  grandis  or  D.  AUegkaniensis ;  8. 
Streptorhyndius  Chemungensis ;  4.  RhynchoneUa  Stephani;  5. 
Spirifera  Vemeuilii;  6.  Palceoneilo  maxima;  7.  Sanguinoliiu 
rigida ;  8.  &  clavulus ;  9.  «S'.  ventricosaf  10.  Mytilarca  Che- 
mungensis; 11.  PteromteSj  sp. ;  12.  Pterom'tes,  sp. ;  18.  Actino- 
desma  recta  ;  14.  New  form,  undt. ;  16.  Orihoceras  crotalum  f. 

These  were  collected  at  one  locality  and  in  haste,  the  only 
object  beinc  to  obtain  a  few  specimens  of  the  more  common 
forms.  Of  tne  list,  Nos.  6  and  18  are  found  in  New  York  only 
in  the  Hamilton  rocks,  while  No.  16  is  very  closely  allied  to  a 
Hamilton  species  and  may  be  identical  with  it;  but  respecting 
the  other  forms  there  is  no  doubt — they  are  Chemung.  All  of 
these  forms  occur  also  in  the  layers  interstratified  with  those 
containing  the  fucoids.  They  are  not  stray  specimens,  such  as 
might'  have  been  washed  from  the  older  into  the  newer  rocks, 
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for  they  are  found  in  great  abundance  throughout  the  section 
and  they  are  as  well  presenred  as  Chemung  fossils  usually  are 
in  New  York.  With  these  are  immense  quantities  of  fucoids, 
such  as  are  characteristic  of  the  Portage  Or  lower  Chemung  iti 
New  York.  But  in  the  whole  section  there  is  not  an  AnodmUa^ 
not  a  flsh-plate,  not  any  fossil  of  any  sort  which  can  in  any  way 
be  identified  as  belonging  to  the  red  Catskill  of  New  York. 

It  is  more  than  probable  that  the  section  represents  only  the 
lower  portion  of  tne  Chemung  and  that  not  only  the  red  Cats- 
kill,  but  also  the  upper  portion  of  the  Chemung  is  wanting  in 
this  part  of  Pennsylvania.* 

what  then  has*  become  of  the  great  Catskill  group?  The 
upper  or  gray  Catskill  is  represented,  no  doubt,  by  the  Pocono 
or  Vespertine  sandstone,  but  the  lower  or  red  Catskill  has  dis- 
appeared. Nor  is  this  disappearance  at  all  stranga  It  is  sim- 
ply what  might  have  been  expected. 

Professor  H.  D.  Sogers,  on  pp.  141  and  142  of  vol.  i,  of  his 
Final  Report,  shows  with  what  rapidity  the  Ponent  or  red 
Catskill  tnins  out  toward  the  nortnwest;  that  it  is  6,000  to 
6,000  feet  thick  in  the  southeast  belt ;  2,600  to  1,000  feet  in 
^e  northwest  belt ;  and  400  to  0  feet  in  the  fifth  belt ;  the 
diminution  in  each  belt  being  distinct  as  one  goes  northwest 
or  even  west  No  details  are  given  respecting  the  variations  of 
the  group  in  a  due  west  direction  or  towards  the  southwest, 
most  prooably  because  no  possibility  of  tracing  the  group  ex- 
isted then  any  more  than  now.  The  presence  of  Ponent  rocks 
is  incidentally  mentioned  in  notes  upon  the  southern  Allegha- 
nies  and  the  gaps  through  Chestnut  and  Laurel  Bidges,  but  these 
observations  were  evidently  regarded  as  too  detached  and  too 
unimportant  to  be  of  value,  since  no  reference  is  made  to  them 
in  the  general  summary  of  the  group  given  in  vol.  i  of  the 
Final  Eeport 

All  the  evidence  points  in  one  direction.  It  is  impossible  by 
any  stratigraphical  work  to  make  direct  connection  between  the 
localities  under  consideration  and  those  where  the  age  of  the 
rocks  is  settled  beyond  dispute ;  the  lithological  characters  of 

^  In  the  Proceedings  of  American  Philosophical  Societr,  vol.  xvii,  p.  270,  it  is 
iteted  that  at  300  feet  below  the  Pittsburgh  Ooai  bed,  or  midway  in  the  iiower  Bar- 
na  SerieSi  certain  Ohemung  fossils  have  been  found.  I  haye  been  advised  that, 
whfle  pleading  the  cause  of  the  Chemung  group  in  the  gaps  through  Laurel  and 
Chestnut  Ridges,  I  would  do  well  to  explain  how  Chemung  fossils  happen  to  be 
fment  midway  in  the  Coal  measures. 

Ko  explanation  is  necessary  further  than  to  say  that  the  species  were  wrongly 
identified.  I  have  examined  the  specimens  and  have  reoogpiized  the  following 
ipedee: — 

LophophyUwm  proliferwn  M*C.,  Athyris subiilita  H.,  8pirifer pJanoconveoBua  Shum., 
OrOSa  carbonaria  SwaL,  Chonetea  grantUifera  Owen,  Productiu  perienuia  l£eek  7, 
Btmiprcnitea  enustu  M.  and  H.,  Lima  reiifera  Shum.,  JMarieUa  vera  H. 

These  are  nsually  thought  to  be  quite  characteristic  of  the  Coal  measures. 

Aic  JoiJB.  Boi.^Thibd  Suns,  Vol.  XV,  No.  90.— Jumb,  1878. 
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the  rocks  in  qoestion  are  much  like  those  of  the  Chemung, 
while  the  fossils,  both  animal  and  vegetable,  are  unquestionably 
of  Chemung  aga  But  one  conclusion  remains — the  rocks  are 
Chemung  and,  as  already  stated,  probably  represent  onl^  the 
lower  Chemung ;  the  great  Gatskill  group  has  so  far  thmned 
out,  that  it  is  represented  only  by  its  upper  or  gray  member, 
the  Vespertine  of  Pennsylvania. 


Art.  TiXTT. — Research  on  (he  Absolute  Unit  of  ELcctrical  Besut- 
ance;  by  Henry  A.  Rowland,  Professor  of  Physics  in  the 
Johns  Hopkins  University,  Baltimore,  Md. 

[CoDdiided  from  page  336.] 

The  (Xrele, — ^The  circle  whose  constant  we  have  called  G" 
and  which  was  around  the  galvanometer  whose  constant  was  0, 
was  a  ^Tge  wooden  one  containing  a  single  coil  of  No.  22 
wire.*      To   prevent  warping,  it  was  laid  up  out  of  small 

1)ieces  of  wood  with  the  grain  in  the  direction  of  the  circum- 
erence,  and  was  carefully  turned  with  a  minute  groove  near 
one  edge  in  which  the  wire  could  just  lia  It  was  about  5' 
cm.  broad,  1*8  thick  and  82*7  cm.  diameter.  As  the  room  had 
no  fire  in  it,  the  circle  remained  perfect  throughout  the  experi- 
ment The  wire  was  straightened  by  stretching  and  measured 
before  placing  on  the  circle,  which  last  was  done  with  great 
care  to  prevent  stretching ;  after  the  experiment  it  was  meas- 
ured and  found  exact  to  j\  mm. 

The  circle  was  adjusted  parallel  and  concentric  with  the  coils 
of  the  galvanometer,  but  at  a  distance  of  1*1  cm.  to  one  side, 
in  order  to  allow  the  glass  tube  with  the  suspending  fiber  to 
pass.  The  length  of  wire  was  2o9'68  cm.  which  gives  a  mean 
radius  of  41  -31844  cm.  These  date  give  G''=  -161925.  Pre- 
liminary results  were  also  obtained  by  use  of  another  circle. 

Chronometer. — To  obtain  the  time  of  vibration,  a  marine 
chronometer  giving  mean  solar  time  was  used.  The  rate  was 
only  half  a  second  per  day. 

Wheaisione  bridge, — To  compare  the  resistance  of  the  circuit 
with  the  arbitrary  German  silver  standard,  a  bridge  on  Jenkin's 
plan,  made  b^  Elliott  of  London,  was  used.  A  Thomson  ^- 
vanoraeter  with  a  single  battery  cell  gave  the  means  of  accuratelj 
adjusting  the  resistance,  one  aivision  of  the  sc;ale  representiDg 
one  part  in  fifty  thousand. 

*  In  another  part  of  my  paper  I  have  critidsed  the  use  of  wooden  circles  for 
coils,  but  it  is  unobjectionable  in  the  case  of  a  single  wire,  especUUy  when  tlw 
needle  is  suspended  near  its  center. 
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TTtermomeiers. — Accurate  thermometers  graduated  to  half 
l^rees  were  used  for  finding  the  temperature  of  the  standard. 

The  arbitrary  BkmdanL — ^This  was  made  of  about  seventy 
feet  of  German  silver  wire,  mounted  in  the  same  way  as  the 
British  Association  Standard.  Immediately  after  use,  two 
Dopies,  one  in  German  silver  and  the  other  in  platinum-silver 
ftlloy,  were  mada  It  had  a  resistance  of  about  86  ohms.  The 
temperature  was  taken  as  17^  C. 

To  obtain  the  accurate  resistance  of  this  standard  in  ohms,  I 
had  two  standards  of  10  ohms  and  one  of  1,  100,  and  1,000 
ohms.  The  1-ohm,  and  one  of  the  10-ohm  standards,  were  made 
by  Elliott  of  London,  and  the  others  by  Messrs.  Warden,  Muir- 
head  and  Clark  of  the  same  placa  But  on  careful  comparison 
[  found  that  Warden,  Muirhead  and  Clark's  lO-ohm  standard 
Mras  1*00171  times  that  of  Messrs.  Elliott  Bros.  On  stating  these 
Eacts  to  the  two  firms  I  met  no  response  from  the  first  firm,  but 
the  second  kindly  undertook  to  make  me  a  standard  which 
should  be  true  by  the  standards  in  charge  of  Professor  Max- 
prdl  at  Cambridge.*  At  present  I  give  the  result  of  the  com- 
parison with  these  standards,  as  weU  as  some  others,  and  also 
irith  a  set  of  resistance  coils  by  Messrs.  Elliott  Bros. 

(hmmuiators. — ^No  commutators  except  those  having  mercury 
connections  were  used,  and  those  in  the  circuit  whose  resist- 
inee  was  determined  were  so  constructed  as  to  offer  no  appre- 
ciable resistance.  The  commutator  by  which  the  main  current 
RraB  reversed,  could  be  operated  in  a  fraction  of  a  second,  so 
18  to  cause  no  delay  in  the  reversal. 

Connecting  wires. — ^These  were  of  No.  22  or  No.  16  wire  and 
were  all  carefully  twisted  together.  The  insulation  was  tested 
md  found  to  be  excellent 

Inductor  for  damping. — ^This  has  already  been  described  in 
my  first  paper  on  "Magnetic  Permeability,"  and  merely  con- 
listed  of  a  small  horse-shoe  magnet  with  a  sliding  coil,  which 
iras  introduced  into  the  secondary  circuit  By  moving  it  back 
md  forth,  the  induced  current  could  be  used  to  stop  the  vibra- 
tions of  the  needle  and  make  it  stationary  at  the  zero  point 
This  is  necessary  in  the  method  where  the  first  throw  of  the 
^vanometer  needle  constitutes  the  observation,  but  in  the 
method  of  recoil  it  is  not  necessary  to  use  it  very  often.  I 
prefer  the  method  of  the  first  throw  as  a  general  rule,  but  I 
mve  used  both  methods. 

This  method  of  damping  will  be  found  much  more  efficient 
than  that  of  the  damping  magnet  as  taught  by  Weber,  and 
ifter  practice  a  single  movement  will  often  bring  the  needle 
3xactly  to  rest  at  the  zero  point 

^  Am  ihUi  is  newly  a  year  efnoOf  and  as  I  caDnot  tell  when  the  standard  will 
iniye,  I  nc»w  publish  the  results  as  so  far  obtained,  hoping  to  make  a  more  exact 
9ompari8on  in  future. 
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Arrangement  of  apparatus. — Two  rooms  on  the  grouod  floor 
of  a  small  building  near  the  Univeraity  were  set  aside  for  the 
ezperimeDt,  making  a  space  8  tn.  long  b;  3'7  m.  wide.  The 
plan  of  the  arrangement  is  seen  at  %.  L     Tfae  carrent  from 


the  battery,  in  the  Univennty,  entered  at  A,  the  battery  being 
eighteen  one-gallon'  cells  of  a  chromate  battery,  arranged  two 
abreast  and  eight  for  tension.  The  resistance  of  the  circuit 
was  about  20  ohms,  and  of  the  whole  battery  about  i  ohm, 
thus  insuring  a  reasonably  constant  carrent. 

At  B  some  resistance  could  be  inserted  by  withdrawing  pings 
so  as  to  vary  the  current. 

At  C  is  the  tangent  galvanometer  with  commutator  on  a 
brick  pier.  The  nearaess  of  the  commutator  produces  no  error, 
seeing  that  we  only  wish  to  determine  the  ratio  of  two  currenta 
The  eS'ect  of  currents  in  the  commutator  waa,  however,  van- 
ishingly  small  in  any  case. 

At  u  is  the  principal  commutator  which  reversed  the  cnr 
rent  in  the  induction  coils,  L,  or  in  the  circle,  F,  when  it  was 
in  the  circuit 

The  secondary  circuit  included  the  indactiou  coil,  L,  tbe 
damping  inductor,  M,  and  the  galvanometer  G-. 

At  K  was  the  Jenkin's  bridge,  with  standard  at  P,  in  a 
beaker  of  water,  and  a  Thomson  galvanometer  at  J  K.  Tbe 
secondary  circuit  could  be  joined  to  the  bridge  by  raising  a  U- 
shaped  piece  of  wire  out  of  the  mercury  cups. 

The  telescope  and  scale,  E,  were  on  a  heavy  wooden  table, 
and  the  two  galvanometers  on  brick  piers  with  marble  tops. 

A  row  of  gas-burners  at  Q  illuminated  the  silvered  scale  is 
the  most  perfect  manner. 
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Adjustments  and  tests. — The  circle,  P,  must  be  parallel  to  coik 
of  galvanometer,  G.  The  circle  and  coils  oi  galvanometer 
were  first  adjusted  with  their  planes  vertical  and  then  adjusted 
in  azimuth  bj  measurement  from  the  end  of  the  bar,  B,  to  the 
sides  of  the  circle,  F.  The  adjustment  was  always  within  80', 
which  would  only  cause  an  error  of  one  part  in  25000. 

The  needle  must  hang  in  the  magnetic  meridian  by  a  fiber 
¥rithout  torsion,  and  the  coils  must  be  parallel  to  it  These 
adjustments  were  carefully  made,  but,  as  has  been  shown,  the 
error  from  this  source  is  compensated. 

The  needle  must  hang  in  the  center  of  the  galvanometer 
coils  and  on  the  axis  of  the  circla  The  error  from  this  source 
is  v^nishingly  small. 

The  scale  must  be  perpendicular  to  the  line  joining  the  zero 
point  and  the  galvanometer  needle,  it  must  be  level  and  not  too 
much  below  tne  galvanometer  needle.  All  errors  from  this 
source  are  partially  or  entirely  compensated  by  the  method  of 
experiment. 

The  induction  coils,  L,  must  be  horizontal,  and  at  the  same 
level  as  the  two  galvanometers,  so  as  not  to  produce  any  mag- 
netic actiob  on  them.  The  error  from  this  source  is  exactly 
compensated  by  this  method  of  experiment,  but  could  never 
amount  to  more  than  1  part  in  2000. 

The  tangent  galvanometer  should  have  the  plane  of  its  coils 
in  the  magnetic  meridian,  but  all  errors  are  compensated. 

The  connecting  wires  must  be  so  twisted  together  and  ar- 
ranged as  to  produce  no  magnetic  action,  but  tests  were  made  in 
all  cases  where  the  error  was  not  compensated,  and  found  to  be 
practically  zero.  The  insulation  of  ail  coils,  wires  and  commu- 
tators was  carefully  tested. 

Method  of  Mocperiment  —  As  has  been  stated  before,  the 
method  generally  used  was  that  of  the  first  throw  of  the  needle, 
though  the  method  of  recoil  was  also  used.  For  the  successful 
use  of  the  first  method  a  quickly  vibrating  needle  and  the 
damping  inductor  are  indispensable,  seeing  that  with  a  slow 
moving  needle  we  can  never  be  certain  of  its  being  at  rest  By 
this  method  it  is  not  necessary  to  have  the  needle  at  rest  at  the 
zero  point,  but,  if  it  vibrates  in  an  arc  of  only  a  millimeter  or 
two,  we  have  only  to  wait  till  it  comes  to  rest  at  its  point  of 
greatest  elongation  on  either  side  of  the  zero  point  and  then 
reverse  the  commutatv)r.  The  error  by  this  method  is  in  the 
direction  of  making  the  throw  greater  in  proportion  of  the 
eosine  of  the  phase  to  unity.  Tne  smallest  throw  used  was 
100  mm.  Hence,  if  the  needle  vibrated  through  a  total  arc  of 
2  mm.,  the  error  would  be  1  in  17,000.  In  reality  the  needle  was 
always  brought  to  rest  much  more  nearly  than  this. 

The  meth(M  of  recoil  was  used  once  with  the  needle  vibrating 
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in  7*8  seconds,  but  the  time  of  vibration  was  too  short  and 
another  needle  was  constructed  vibrating  in  11*5  seconds,  which 
was  a  sufficiently  long  period  to  be  used  successfully  after 
practice. 

There  seems  to  be  no  error  introduced  by  the  time  taken  to 
reverse  the  commutator  in  the  method  of  recoil,  seeing  that  the 
breaking  of  the  current  stops  the  needle  and  tiie  making  starts 
it  in  the  opposite  direction.  As  the  time  was  only  a  fraction 
of  a  second  the  error  is  minute  in  any  case. 

While  the  current  is  broken  in  the  reversal,  the  battery  may 
recuperate  a  little  and  there  is  also  some  action  from  the  extra 
current,  but  there  seems  to  be  no  doubt  that  long  before  the 
four  or  six  seconds  which  the  needle  takes  to  reach  its  greatest 
elongation  everything  has  again  settled  to  its  normal  condition 
and  the  current  resumes  its  original  strength.  Hence  the  error 
from  these  sources  may  be  considered  as  vanishingly  small. 

Some  experiments  were  made  by  simply  breaking  the  current 
and  they  gave  the  same  result  as  by  reversal. 

The  lolTowing  is  the  order  of  observations  corresponding  to 
each  experiment. 

1st.  The  time  of  vibration  of  needle  was  observed. 

2d.  The  current  was  passed  around  the  circle,  F,  so  as  to 
observe  ^  and  a.  Simultaneous  readings  were  taken  at  the 
two  galvanometers.  The  commutator  at  the  tangent  galvan- 
ometer was  then  reversed  and  readings  again  taken.  After 
that  the  commutator  to  the  circle  was  reversed  and  the  operation 
repeated.  This  gave  four  readings  for  the  circle  and  eight  for 
the  tangent  galvanometer,  as  both  ends  of  the  needle  were  read 
In  some  cases  these  were  increased  to  six  and  twelve  respect- 
ivelv.  This  operation  was  repeated  three  times  with  currents 
of  different  strengths,  constituting  three  observations  each  of  a 
and  p.  To  eliminate  any  action  due  to  the  induction  coils,  they 
were  sometimes  connected  in  one  way  and  sometimes  in  the 
opposite  way. 

8d.  The  resistance  of  the  circuit  was  adjusted  equal  to  the 
arbitrary  standard. 

4th.  The  circle,  F,  was  thrown  out  the  circuit  and  the  obser- 
vations of  6  and  d  begun.  Two  throws,  ^,  one  on  either  side  of 
zero  were  observed  and  one  reading  of  0  taken.  The  commuta- 
tors at  8  and  C  were  then  reversed,  and  the  operation  repeated. 
This  whole  operation  was  then  repeated  with  currents  of  three 
different  strengths.  The  position  of  the  two  induction  coils 
was  now  reversed  and  observations  again  made  with  the  three 
currents.  The  resistance  was  now  compared  with  the  standard, 
the  difference  noted,  and  the  resistance  again  adjusted.  The 
observations  were  completed  by  turning  the  induction  coils 
into  the  two  other   positions  which  they  could  occupy  with 
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respect  to  each  other,  followed  by  another  comparison  of  resist- 
ance with  standard. 

6th.  Observations  of  a  and  ^  were  again  made  as  before. 

6th.  The  time  of  vibration  was  again  determined. 

The  observations  as  here  explained  furnished  data  for  three 
computations  of  the  resistance  of  the  circuit,  one  with  each  of 
the  three  currents.  In  each  of  these  three  computations,  a  was 
the  mean  of  16  readings,  )9  of  8  or  sometimes  12,  0  of  16  and  d 
of  16.  In  using  the  method  of  recoil  nearly  the  same  order 
was  observed. 

The  time  of  vibration  was  determined  by  allowing  the  needle 
to  vibrate  for  about  ten  seconds  and  making  ten  observations 
of  transits  before  and  after  that  period.  During  the  experiment, 
I  usually  observed  at  the  telescope  and  Mr.  Jacques  at  the  tan- 
gent galvanometer. 

The  methods  of  obtaining  the  corrections  require  no  explan- 
ation. 

HesuUs. 
The  constant  corrections  are  as  follows  for  the  first  needle. 


0=  -U+T<^;i*=  --00711 

ft=  — 1<=  -  -00020 

c=  —-000006 

rf=  +  000074  at  20-**  C. 

^=i2b(''' -'•')= +''^^' 

/=  +  -00003 
a+J+c+rf+«+/=  --00718. 

For  method  of  recoil  it  becomes  —-00016. 
Hence  for  A  and  B,  log  K= 11 -4586080 

"  A  and  C,  log  K=l  1-2852088 

"  B  and  C,  log  K=111886619 
For  method  of  recoil  using  A  and  B,  log  K= 11 -4566680. 
For  second  needle  and  method  of  recoil, 


•=-.©=- 


000050 


ft=:  -i/=r  --00025 
C=  --000006 
d=  +  000074 
€=  + -00003 
/=  +'00003 
a+b+c+d+e+f=z  —00017 

For  A  and  B,  log  K=ll-4566587 
"  A  and  C,  log  K= 11-2882590 
•*  BandC,  logK=111917176 

The  distance  of  the  mirror  from  the  scale  varied  between 
192-8  and  198*5  cm. 
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Should  we  reject  the  quantity  84*881  in  the  third  experiment 
so  as  to  make  the  mean  result  of  that  experiment  84*744  instead 
of  34778,  we  should  obtain  as  a  mean  result  of  the  whole 

84'7l66±-0053, 

which  has  a  less  probable  error  than  when  the  above  observa- 
tion is  retained.  The  number  of  plus  and  minus  errors  are  also 
more  nearly  equal  and  the  greatest  difference  from  the  mean  1 
part  in  1100.  However  the  two  results  do  not  differ  more  than 
1  part  in  10,000. 
We  shall  take 

earth  quad. 

as  the  final  result 

DiscusHon. 

On  glancing  over  the  table  we  see  that  the  number  of  nega- 
tive errors  greatly  exceed  the  number  of  positive,  but,  if  we 
take  only  the  four  errors  which  are  greater  than  1  part  in  6,000, 
we  shall  find  two  of  them  negative  and  two  positive. 

CJombining  the  results  with  the  different  coils  we  have 

A  andB 34'696±*006 

A  and  C 34-744±-011 

B  and  C 84*716±  -007 

Had  we  no  other  results  to  go  by,  we  might  suppose  that  the 
value  of  M  might  not  have  been  found  as  exactly  for  these 
coils  as  we  have  supposed  them  to  ba  But  if  we  include  the 
preliminary  results  rejected  on  account  of  the  imperfect  circle 
used,  we  shall  find 

A  andB 34*704:f006 

A  and  C 34-718±017 

B  and  C 34*768±*016 

which  has  the  greatest  error  in  an  entirely  different  place. 

From  the  first  series  the  probable  error  of  each  determination 
of  M  is  1  in  about  2,000.  But  as  this  includes  the  experimental 
errors  which  are  about  equal  to  dbyi*,^,  the  real  probable  error 
of  M  must  be  about  1  part  in  2,500.  The  number  of  observa- 
tions is  however  too  small  for  an  exact  estimate  of  the  probable 
errors. 

Taking  the  results  with  currents  of  different  strengths,  we 
find 

For  strongest  current 84  716 

"    medium        "      84*715 

"    weakest        "      84*727 

which  are  almost  perfectly  accordant  Taking  the  results  from 
the  method  of  recoil  and  the  ordinary  method,  we  find 

For  ordinary  method 84*726d=010 

"    method  of  recoil 84*705d=*006 
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If  the  probable  error  is  sabmcted  fxom.  tbe  first  and  added  to 
tbe  second  they  will  very  nearij  eooal  each  other.  Hence  the 
differeDce  is  probably  aocidentad.  lodeed.  by  the  combinatioD 
ci  the  results  it  does  not  seem  possible  to  fiod  any  constant 
aoarce  of  error,  and  therefore  the  errors  shoald  be  eliminated 
by  the  oombioation  of  the  results. 

In  tbe  final  result 

R=S4-7192ifc-0070 
the  probable  error,  dbOOTO,  includes  all  errors  except  the  ratio 
of  G  to  G".     We  may  estimate  the  probable  error  of  G  at 
zfc,,Vf  and  of  G^' at  db„'„. 

Hence  the  final  probable  error  of  B^  including  all  variables, 

is  dbf  jVvf  or  :±:'M  per  cent, 

or  R=S4-719di-015. 
The  probable  error  of  the  British  Association  determinatioQ 
was  rbOS  per  cent,  not  including  the  probable  error  of  the  con- 
stants; and  of  Kohlrausch's  determination  ^'SS  per  cent,  in- 
cluding constant  errors. 

CoMparimm  with  the  Ohm, 

Tbe  difficulty  in  obtaining  proper  standards  for  comparison 
has  been  explained  above  ana  I  shall  have  to  wait  until  the 
arrival  of  the  new  standard  before  making  the  exact  comparison. 
At  present  I  give  the  following  results,  which  seem  to  warrant 
the  rejection  of  Messrs.  Elliott  Bros'.  10-ohm  standard  and  to 
make  that  of  Messrai  Warden,  Mnirhead  and  Clark  correct  I 
shall  designate  the  coils  by  the  letter  of  the  firm  and  by  the 
number  of  ohms.     Experiment  gave  the  following  results : 

W  (10)=1  00171  X  E  (10),  experiment  of  June  8,  1877. 
W  (10)=1 -00166  X  E  (10),  "         **    Feb.  23,  1878. 

W  (1,000) :  W  (100)  : :  W  (10)  :  -999876  E  (1),  experiment  of 
February  23,  1878. 

Now  tbe  greatest  soarce  of  error  in  making  coils  is  in  passing 
from  tbe  unit  to  tbe  higher  numbers.  As  the  reproduction  of 
single  units  is  a  very  simple  process  the  single  ohm  is  without 
much  doabt  correct,  ana  as  the  above  proportion  is  correct 
within  one  part  in  8,000  of  what  it  should  be,  it  seems  to  point 
to  tbe  great  exactness  of  the  standards  then  used,  seeing  that 
tbe  exactness  of  the  proportion  could  hardly  have  been  acci- 
dental. It  is  also  to  be  noted  that  Messrs.  Warden,  Muirbead 
k  Clark's  10-obm  standard  agreed  more  exactly  with  a  set  of 
coils  by  Messrs.  Elliott  Bros,  than  their  own  unit  E  (10). 

The  resistance  of  my  coil  as  derived  from  the  different  stand- 
ards is  as  follows: 

From  Elliott  Bros,  resistance  coils 84*979  ohms. 

"  "         "       10-ohm  standard 35083     ** 

"     W.,  M.  AC'S    '*  "  35024     " 

"    W.,  M.  k  C.'s  100-ohm  "  35-035     " 
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These  give  for  my  determination  the  values  of  the  ohm  as 
follows : 

earth  quad. 

From  Elliott  Bros,  resistance  coils,     -99257 

sec 

"  "        **     10-ohm  standard,  -98968  " 

"    W.,M.&C/s     "  "  -99129 

"    W.,  M.  &  C.'s  100-ohm    "  -99098 

For  the  reasons  given  above  I  accept  the  mean  of  the  last 
two  results  as  the  value  of  the  ohm. 

To  preserve  my  standard  I  have  made  two  extra  copies  of 
it,  the  one  in  German  silver  and  the  other  in  platinum  silver 
alloy.  The  comparisons  are  given  below.  No.  1  is  in  German 
silver  and  the  other  in  platinum  silver  alloy.     The  temperature 

is  17-°  C. 

No.  1 1-00084  June,  1877. 

No.  1 1-00029  Feb.,  1878. 

No.  II -99680  June,  1877. 

No.  n -99982  Feb.,  1878. 

These  are  the  values  of  the  copies  in  terms  of  the  original 

earth  quad. 

standard  whose  resistance  is  84*719  — —- 

sec. 

From  these  results  it  would  seem  that  the  German  silver  of 
which  the  standard  and  No.  I  were  composed  was  perfectly 
constant  in  resistance.  The  wire  has  been  m  my  possession  for 
several  years  and  seems  to  have  reached  its  constant  state. 

The  final  result  of  the  experiment  is 

earth  quad. 

1  ohm  =-9911 ^ 

sec. 


Akt.  LXTIL— 7%e  Ancient  Outlet  of  Great  Salt  Lake;  by  A.  C. 

Peale. 

In  this  Journal  for  April,  1878,  pp.  256-259,  is  an  article 
entitled  **  The  Ancient  Outlet  of  Great  Salt  Lake ;  a  letter  to 
the  editors  by  G.  K.  Gilbert"  In  this  article  Mr.  Gilbert 
states  that  "previous  to  1876  the  outlet  was  not  discovered,  or 
if  discovered,  its  position  was  not  announced,"  and  that  "  in 
the  summer  of  that  year"  he  "had  the  great  pleasure  of  find- 
ing it  in  Idaho,  at  the  north  end  of  Cache  Valley,  the  locality 
being  known  as  Bed  Bock  Pass."  He  says  also  that  the 
announcement  was  made  by  him  "  without  reservation  in  a 
communication  to  the  Philosophical  Society  of  Washington,"* 

•  At  the  lieth  meeting  of  the  Society,  January  13,  1877,  "Mr.  a.  K.  Gilbert 
made  a  communication  on  Lake  Bonneville,  the  great  fossil  lake  of  Utah.  He 
described  an  ancient  outlet  of  the   lake  at  Red  Rock  Pass  near  the  town  of 
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and  that  the  announcement  was  also  made  for  him  *'in  the 
same  unequivocal  manner"  "in  the  Smithsonian  Report  for 
1876"  (p.  61),  and  "in  Baird's  Annual  of  Scientific  Discovery 
for  1876"*  (p.  206),  and  that  "  there  seemed  to  be  no  occasion 
for  further  publication  until  the  matter  should  receive  its  full 
discussion  in  the  Reports  of  the  Survey  of  which  Professor 
Powell  has  charge,"  but  owing  to  a  statement  f  in  this  Journal 
for  January,  1878,  p.  65,  "  it  seems  proper  "  to  him  "to  defend  " 
his  ^^ positive  assertions  by  setting  forth  the  facts  which  appear" 
to  him  "  to  place  ^e  existence  and  position  of  the  ancient  out- 
let beyond  que8timi''X 

As  Red  Rock  Pass,  the  point  of  Mr.  Gilbert's  discovery  (?), 
is  within  the  area  assignea  during  the  season  of  1877  to  Mr. 
Gannett's  division  of  the  United  States  Geological  Survey  of 
the  Territories,  with  which  I  was  connected  as  geologist,  it 
seems  proper  that  I  should  call  attention  to  several  errors  in 
Mr.  Giloert's  statements. 

In  the  first  place,  his  so-called  discovery  is  not  a  discovery  on  his 
part  The  fact  that  Red  Rock  Pass  was  an  outlet  for  the  lake 
that  once  filled  the  Salt  Lake  Basin  and  adjoining  valleys  § 

Oxford,  Idaho,  by  which  its  waters  were  discharged  into  Snake  River.  During 
and  since  the  desiccation  of  the  lake,  the  land  which  it  oorered  has  been  tilted  to 
the  northward  in  common  with  the  region  of  the  Laurentian  lakes  and  the  eastern 
and  western  seaboard."  (Bulletin  of  the  Philosophical  Society  of  Washington 
for  1877,  p.  103.) 

*The  **  unequivocal"  annoimcement  referred  to  by  Mr.  Gilbert,  is  stated  in 
exactly  the  same  words  in  both  publications,  and  is  made  in  the  foUowing  ra&er 
vague  manner.  *'  Before  commencing  the  main  work  of  the  season,  Mr.  Gilbert 
made  an  excursion  in  search  of  the  outlet  of  Lake  Bonneville,  the  great  fossil 
lake  of  Utah."  *  •  *  "  The  search  for  the  point  of  outlet  was  successful,  and  it 
was  found  at  the  north  end  of  Cache  VaUey,  a  few  miles  beyond  the  boundary  of 
Utah,  in  the  Territory  of  Idalio.  (Annual  Report  of  the  Board  of  Regents  of  the 
Smithsonian  Institution  for  1876.  Washington,  1877,  p.  61)  and  (Annual  Record 
of  Science  and  Industrv  for  1876,  edited  by  Spencer  F.  Baird.  New  York,  1877, 
p.  260 ) 

f  The  statement  referred  to  is  the  following :  "  It  is  believed  that  the  explora- 
tions of  the  survey  under  the  direction  of  Dr.  Hayden,  the  past  season,  have 
determined  the  probable  ancient  outlet  of  the  gpreat  lake  that  once  tilled  the  Salt 
Lake  Basin."    (This  Journal,  vol.  xv,  Jan.,  1878,  p.  66.) 

i  The  italics  in  this  paragraph  are  my  own. 

^  The  following  extracts  from  the  Report  of  the  Survey  for  1870,  written  bj 
Dr.  Hayden,  show  that  as  early  as  that  time  the  extent  of  the  great  inland  basin 
and  its  real  conditions  were  truly  appreciated  by  him. 

"  Let  us  for  a  moment  take  a  bird's-eye  view  of  the  gp^eat  inland  basin  of  which 
Salt  Lake  Valley  forms  only  a  part.  We  shall  find  that  what  is  termed  the  Great 
Basin  of  the  West  comprises  the  vast  area  inclosed  by  the  Wasatch  Mountains  on 
the  east,  and  the  Sierra  Nevada  on  the  west,  the  crest  or  water  divide  of  the 
Columbia  on  the  north,  and  that  of  the  Colorado  on  the  south.  We  shall  also 
observe  that  this  great  region  has  no  visible  outlet ;  that  it  is  composed  of  a  multi- 
tude of  smaller  basins  or  valleys,  each  of  which  has  its  little  lakes,  springs  and 
water-courses,  their  surplus  water  either  evaporating  or  sinking  benea&i  &  sur- 
face. If  we  examine  the  elevations  in  this  region,  we  observe  a  wonderful  uni- 
formity in  the  surface  of  the  valleys,  and  find  that  none  of  them  are  much  above 
the  level  of  the  waters  of  Great  Salt  Lake."    (p.  172.) 

**  I  infer  that  a  vast  fresh-water  lake  once  occupied  all  this  immense  basin ; 
that  the  smaller  ranges  of  mountains  were  scattered  over  it  as  isolated  islands, 
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was  not  only  recognized,  but  well  known  five  years  prior  to 
Mr.  Gilbert's  supposed  discovery.  On  page  202  of  the  Annual 
Report  of  the  Survev  for  1872  *  is  the  following  statement  by 
Professor  F.  H.  Bradley :  *'The  level  of  the  divide  between  the 
head  of  Marsh  Creek  and  the  Bear  Biver  drainage,  at  Bed 
Bock  Pass,  as  ascei-tained  by  the  party  of  1871,  indicates  that 
this  was  probably  another  point  of  outflow ;''  and  on  the  fol- 
lowing page  (203)  the  following  sentence  in  relation  to  the  ter- 
races in  Marsh  Creek  Valley,  which  extend  northward  from 
Bed  Bock  Pass ;  "  They  are  on  too  large  a  scale,  and  the  valley 
is  too  wide,  to  have  resulted  from  merely  the  drainage  of  the 
small  area  of  mountains  about  the  head  of  the  stream  ;  and  I 
am  strongly  of  the  opinion  that  this  must  have  been  at  one 
time  the  channel  for  a  large  outflow  from  the  Great  Basin." 

It  seems  to  me  that  this  places  the  discovery  where  it  belongs 
beyond  question. 

It  appears  also  that  Mr.  Gilbert  ignores  some  of  his  own 
statements.  In  his  report  to  Lieutenant  Wheeler,f  he  says 
that  Professor  O.  C.  Marsh  informed  him  that  he  had  discov- 
ered on  the  northern  shore  of  the  lake  an  outlet  leading  to 
Snake  Biver,  and  in  a  foot  note  on  the  same  page  says,  *^  Pro- 
fessor Frank  H.  Bradley  mentions  four  points  of  possible  out- 
flow from  the  northeast  margins. — {ynittd  States  Otohgical 
Survey  ofAe  Territories,  1872,  p.  202.)" 

In  the  second  place,  Red  Bock  Pass  was  not  the  outlet  of  Tjoke 
Bonneville. 

Lake  Bonneville  extended  over  the  whole  of  Marsh  Creek 
Valley  and  its  outlet  was  more  than  fortv  miles  farther  north 
than  Mr.  Gilbert  ever  went  Bed  Bock  Pass  was  only  a  point 
of  stricture  in  the  lake. 

In  his  article  (p.  257),  Mr.  Gilbert  says  :  "  In  Marsh  Creek 
Valley  the  eye  seeks  in  vain  for  the  familiar  shore  lines  of  the 
Salt  Lake  Basin,  and  the  conclusion  is  irresistible  that  here  the 
ancient  lake  outflowed."  This  sentence  implies  that  he  went 
into  Marsh  Creek  Valley.  Had  he  done  so  or  had  he  even 
ascended  one  of  the  numerous  points  that  command  the  view 

their  summits  projecting  above  the  surfaoe ;  that  the  waters  have  gradually  and 
■lowly  passed  awaj  by  evaporation,  and  the  terraces  are  left  to  reveal  certain 
oMillatioiis  of  level  and  the  steps  of  progress  toward  the  present  order  of  things ; 
and  that  the  briny  waters  have  concentrated  in  those  lake  basins,  which  have  no 
outlei.**  (p.  170.) 

This  was  written  before  Mr.  Gilbert  began  his  western  investigations. 

Dt.  Hajden  also  first  indicated  Cache  Valley  as  one  of  the  bays  of  the  ancient 
lake.    (Report  United  States  Geological  Survey  for  1871,  p.  19.) 

*  Sixth  Annual  Beport  of  the  United  States  Geological  Survey  of  the  Territories 
for  1872,  Washington,  1873. 

f  Beport  upon  Geographical  and  Geological  Explorations  west  of  the  1 00th 
meridian,  in  charge  of  First  Lieutenant  Qeo.  M.  wheeler.  Vol  iii,  Geology. 
Washington,  1875,  p.  91. 
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of  both  valleys  (Cache,  and  Mareh  Creek)  the  relation  of  the 
two  must  have  been  apparent 

The  '*  gentle  alluvial  slopes  "  mentioned  by  Mr.  Gilbert  (on 
page  257)  as  being  ^' divided  for  several  miles  by  a  steep-sided, 
nat^bottomed,  trench-like  passage  a  thousand  feet  broad,  and 
descending  northward  from  the  divide"  are  white  sandstones 
similar  to  those  in  the  bottoms  of  Cache  and  other  valleys  of 
the  Salt  Lake  Basin.  The  following  elevations  on  the  terraces 
in  Marsh  Creek  Valley  were  obtained  by  barometrical  observa- 
tions.* 

Two  miles  north  of  Red  Bock  Pass  on  the  east  side  of  the 
valley,  5,187  feet 

Six  miles  west  of  Bed  Bock  Pass  on  the  edge  of  Marsh  Val- 
ley, 5,058  feet 

Twenty-six  miles  from  Bed  Bock  Pass  on  the  west  side  of 
the  valley,  5,117  feet 

The  elevation  of  the  Bonneville  beach  is  5,185*7  feetf  and 
it  is  evident  that  the  Bed  Bock  Oap  (the  walls  of  which  do  not 
exceed  the  elevation  of  5,000  feet)  could  not  have  been  a  ba^ 
rier  to  Lake  Bonneville.  The  conclusion  is  therefore  irresisti- 
ble that  the  result  of  Mr.  Gilbert's  four  or  five  years'  search  is 
a  mistake. 

In  the  third  place  Red  Rock  Pass  was  an  outlet^  but  it  vxu 
Hie  outlet  probably  when  the  lake  was  at  the  level  iiidieated  by  the 
Provo  Beach.  When  the  barrier  at  the  northern  end  of  the 
Bonneville  Lake  was  removed,  that  portion  of  the  lake  occupy- 
ing Marsh  Creek  Valley  was  completely  drained,  and  Bed  Bock 
Gap  became  the  barner  of  the  lake  that  remained.  Then 
it  was  that  the  course  of  Marsh  Creek  began  to  be  outlined, 
and  the  lowering  of  the  lake  was  doubtless  comparatively  rapid 
until  the  level  of  the  Provo  Lake  was  reached.  The  line  of 
the  Provo  Beach  indicates  a  period  of  comparative  permanence, 
but  when  the  pass  became  lower  than  the  lake,  of  coarse  the 
lake  was  drained.  The  elevation  of  the  pass  as  obtained  by 
railroad  level  is  4,792  feet,  and  the  Provo  Beach,  according  to 
Mr.  Gilbert,  is  about  365  feet  below  the  Bonneville  Beach,| 
which  would  give  an  elevation  of  4,820*7  feet  for  the  former. 

In  the  fourth  place  I  wish  to  call  attention  to  two  more  of 
Mr.  Gilbert^s  statements.  On  page  258  he  says,  "  In  Dr.  Hay- 
den's  Preliminary  Beport  of  the  field  work  of  his  survey  for 

*  I  am  indebted  to  Mr.  Henry  Gannett  for  all  the  elevations  I  use  aad  for  other 
valuable  information  obtained  bj  him  while  in  the  field. 

f  This  elevation  is  obtained  by  adding  967*7  feet  (the  height  of  the  Bonneville 
Beach  above  Salt  Lake,  given  by  Mr.  Gilbert  in  the  Beport  of  Geographical  and 
Geological  Explorations  west  of  the  100th  meridian,  voL  iii,  p.  92)  to  4,218  Ue/L, 
the  elevation  of  Salt  Lake,  which  was  obtained  from  the  diief  engineer  of  the 
Union  Pacific  Railroad. 

i  This  Journal,  vol  xv,  April,  1878.  p.  268. 
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the  season  of  1877,  noticed  on  page  66  of  the  current  volume 
of  this  Journal,  there  is  no  mention  of  the  observations  at  Bed 
Bock  Pass,  bat  Ae  amission  appears  to  have  been  accidental,  &c/' 
The  portion  of  this  statement  that  I  have  italicised  is  a  gratui- 
tous assumption.  The  omission  was  not  accidental  I  did  not 
believe  that  the  outlet  was  at  Bed  Bock  Oap,  and  in  the  Pre- 
liminary Beport  (page  7),  I  made  the  following  statement: 
"  The  lower  valley  of  the  Portneuf  is  interesting  from  the  fact 
that  it  is  the  probable  ancient  outlet  of  the  great  lake  that 
once  filled  the  Salt  Lake  Basin/'* 

Mr.  Gilbert  also  hopes  that  I  **wi]l  not  advocate  in"  my 
'*  report  the  idea  that  the  divide  between  the  Malade  and 
Marsh  Creek  was  one  of  the  old  outlets  of  the  ancient  Salt 
Lake  when  its  waters  were  at  the  highest  level." 

Had  I  been  writing  a  final  report  on  the  subject  I  would 
perhaps  have  used  the  word  overflow  instead  of  outlet  It 
seems,  however,  scarcely  necessary  to  refer  to  this  point,  as  Mr. 
Gilbert  himself  acknowledges  that  he  ^^  did  not  ascend  to  the 
summit,  although"  he  ''  had  undertaken  last  summer  to  examine 
every  divide  between  the  Columbia  and  Salt  Lake  Basins,  that 
might  have  afibrded  passage  to  the  water."f 

In  all  his  investigations  he  seems  never  to  have  noted  any 
evidences  of  a  lake  having  a  higher  level  than  his  Lake  Bonne- 
ville. Such  evidences,  however,  do  exist  On  both  sides  of 
the  Portneuf  where  it  comes  into  Marsh  Creek  Valley  an  upper 
terrace  is  seen,  and  in  1872  Professor  F.  H.  Bradley  also 
readily  identified  an  upper  terrace  in  Marsh  Creek  Valley  at 
the  level  of  about  1,000  feet  above  the  stream.:]:  In  Gentile 
Valley  and  in  Cache  Valley  also,  traces  of  this  upper  terrace 
exist  The  elevation  of  the  Malade  divide  is  6,650  feet  and 
the  level  of  this  higher  lake  as  indicated  by  the  elevation  of 
the  terraces  must  have  been  between  5,600  and  6,800  feet,  so 
that  when  the  waters  were  at  the  highest  level  there  was  no 
impossibility  of  communication  over  the  Malade  divide. 

I  have  read  and  re-read  Professor  Bradley's  Beport  and  I  see 
DO  warrant  for  the  statement  that  he  made  the  *'  astonishing 

*  PreUmiiiarj  Report  of  the  field  work  of  the  XTDited  States  Geological  and 
Geographioal  Smrej  of  the  Territories  for  the  season  of  1877.  Washington, 
1S77.  p.  7. 

f  This  Journal,  vol.  zv,  April.  1878,  p.  258.  Mr.  Gilbert  appears  to  take  it 
for  granted  that  the  point  of  outlet  must  necessarilj  be  found  at  one  of  the  exist- 
ing diTides  between  the  Great  Basin  and  the  Columbia. 

The  raflroad  profile  from  the  bluffs  on  Bear  River  in  Cache  Vallej  to  Red  Rock 
Pass  (a  distance  of  fifteen  miles)  shows  a  difference  of  elevation  of  only  eleven 
feet,  and  the  descent  of  Marsh  Creek  from  Red  Rock  Pass  to  a  point  twenty-six 
mOefl  farther  north  averages  only  1*07  feet  per  mile.  This  indicates  that  the 
divide  is  not  well  marked  and  that  previous  to  the  erosion  that  followed  the 
draining  of  Lake  Bonneville  it  may  easily  have  been  much  farther  north.  At 
present  the  divide  for  several  miles  Is  a  swamp. 

I  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  for  1872. 
WMhington,  1873,  p.  203. 
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suggestion  that  four  outflowing  streams  might  have  coexisted," 
(The  italics  are  my  own.) 

In  conclusion  I  wish  to  state  that  this  paper  is  baaed  on  tiie 
combined  observations  of  Mr.  Henry  Gannett  and  myself,  made 
during  the  progress  of  our  regular  field  work  without  any 
special  reference  to  finding  an  outlet  of  the  ancient  Salt  Lake. 
Mr.  Gilbert  has  spent  portions  of  at  least  two  seasons  in  the 
study  of  this  special  subject  in  the  northern  portion  of  the 
basin,  and  it  is  evident  that  his  investigations  are  still  unsatis- 
factory. 


Art.  LXrV. — Note  on  the  Ferment-theory  of  Nitrification;  by 

F.  H.  Stobeb,  Harvard  University. 

The  results  of  the  following  experiments  bear  so  immedi- 
ately upon  the  recent  observations  of  Schlosing*  and  Waring- 
ton,f  noticed  in  the  April  number  of  this  Journal,  that  I  am 
led  to  publish  them  by  themselves,  out  of  their  Intimate  con- 
nection with  other  experiments  upon  which  I  have  been  for 
some  time  engaged.  My  experiments  were  made  for  the  pur- 
pose of  testing  the  action  of  certain  oxidizing  agents  on  ammo- 
nium compounds,  and  they  are,  perhaps,  not  the  less  interest- 
ing as  a  contribution  to  the  ferment-theory  of  nitrification,  inas- 
much as  they  were  undertaken  without  any  reference  to  the 
observations  of  Schlosing,  and  not  at  all  with  the  view  of  sup- 
porting or  even  of  testing  his  experiment 

For  my  first  trial,  eleven  common  glass  bottles  of  greenish 
tint,  each  of  500  ca  capacity,  and  fitted  with  corks  carrying 
inlet  and  outlet  tubes,  were  charged  as  follows:  No.  1  with* dis- 
tilled water  that  had  been  carefully  freedj  from  nitrates, 
nitrites,  and  ammonium  compounds;  No.  2  with  a  solution  of 
ammonium  chloride,  containing  y\  milligram  of  NH,  to  the 
centimeter;  No.  3  same  as  No.  2,  with  the  addition  of  a  Quan- 
tity of  ferric  hydrate ;  No.  4  same  as  No.  2,  with  the  adaition 
of  ferrous  hydrate ;  No.  5  same  as  No.  3,  with  the  addition  of 
charcoal  made  from  white  sugar ;  No.  6  ammonium  chloride, 
black  oxide  of  manganese  ana  sugar  charcoal ;  No.  7  leacbed 
peat  and  pure  water ;  No.  8  leached  peat  and  ammonium  chlo- 
ride; No.  9  leached  peat  and  ferric  hydrate;  No.  10  leached 
peat,  ferric  hydrate,  and  ammonium  chloride;  No.  11  pure 
water. 

Pure  water  was  used  in  each  case  to  dissolve  or  suspend  the 


*  Comptes  Kendus,  Ixxxiv,  301. 
Journal  of  London  Chem  Soc.,  1878,  i,  44. 
In  the  manner  described  in  the  note  on  page  182  of  yoL  xii  of  thui  JonniaL 
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chemicals,  and  the  absence  of  nitrates  and  nitrites  was  proved 
by  testing  each  of  the  solutions  and  mixtures  with  iodo-starch, 
at  the  beginning  of  the  experiment 

The  bottles  were  about  half  filled  with  liquid,  i.  e.,  each  of 
them  contained  about  250  cc.  of  the  solution  or  mixture  allot- 
ted to  it 

The  *' leached  peat"  was  prepared  from  some  boff-meadow 
mud  from  the  Bussey  farm,  which  had  been  kept  in  barrels  in 
a  dry  store-room  for  three  or  four  years.  This  thoroughly  air- 
dried  substance  was  percolated  with  pure  water  until  the  fil- 
trate gave  no  reaction  for  nitrites  or  nitratea 

The  ferric  and  ferrous  hydrates  were  used  in  the  recently 
precipitated  condition ;  they  were  made  from  the  correspond- 
ing cnlorides  by  precipitating  with  ammonia-water,  in  the  cold. 

The  bottles  were  connected  with  one  another,  in  the  order 
indicated,  with  short  pieces  of  caoutchouc  tubing  in  such  man- 
ner that  by  aspirating  at  No.  1  air  could  be  made  to  bubble 
through  the  water  in  each  member  of  the  series.  The  corks  of 
the  bottles  and  the  caoutchouc  connectors  were  covered  with 
shellac  in  alcohol  so  that  the  entire  apparatus  was  completely 
air-tight  That  is  to  say,  none  of  the  solutions  had  the  least 
connection  with  the  external  air,  excepting  as  it  was  purposely 
admitted  at  the  inlet-tube.  To  purify  the  air  that  was  drawn 
into  the  apparatus,  it  was  made  to  pass  through  a  long  tube 
loosely  filled  with  clean  cotton  wool ;  through  two  sets  of  Lie- 
big  bulb-tubes  filled  with  a  tolerably  strong  solution  of  yellow 
prossiate  of  potash,  to  remove  ozone ;  through  two  sets  of  sim- 
ilar bulbs  charged  with  potash-lye  to  remove  nitrates  and 
nitrites;  through  a  dry  bottle,  to  catch  liquid  drawn  forward 
from  the  potash  bulbs;  and  through  a  large  drying  tube 
charged  for  two-thirds  its  length  with  calcium  chloride  and  one- 
third  with  soda-lima 

By  means  of  a  Bunsen  filter-pump  a  rapid  current  of  air 
from  out-of  doors  was  drawn  incessantly  night  and  day,  through 
the  series  of  bottles,  for  a  fortnight,  in  September,  1877,  in  the 
direction  from  No.  11  to  No.  1 ;  at  the  end  of  which  time  the 
contents  of  each  bottle  were  tested  for  nitrites  and  nitrates,  by 
boiling  with  cadmium,  distilling  with  acetic  acid,  and  mixing 
iodo-zinc  starch  and  acid  with  the  distillate.  100  cc.  of  liquid 
were  taken  for  each  of  the  tests,  and  fifteen  minutes  were 
allowed  in  which  to  watch  for  the  appearance  of  the  blue  col- 
oration. Nothing  could  be  more  distinct  and  decisive  than  the 
results  of  these  tests.  The  solutions  from  bottles  Nos.  8,  9 
and  10  namely  gave  immediate  and  strong  reactions  for  the 
nitrogen  oxides,  while  the  contents  of  Nos.  1,  2,  3.  4,  5,  6,  and 
11  gave  no  reaction  whatsoever.  No.  7  gave  a  reaction,  but 
not  a  very  strong  one.     The  reaction  seemed  to  be  strongest  in 

Ax.  JouB.  Sci.— Thibd  Sbbibs,  Vol.  XV,  No.  90.— Juhb,  1878. 
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the  contents  of  No.  10.  It  appeared  from  these  resalts  that 
there  had  been  formation  either  of  a  nitrate  or  nitrite  in  each 
of  the  bottles  which  contained  humiiB.  and  no  such  formation 
in  either  of  the  other  bottles :  but  the  thought  suggested  itself, 
that  the  small  amount  of  nitrogen  oxides  found  in  No.  7  maj 
perhaps  have  been  draped  over  mechanically  from  No.  8  by 
the  current  of  air. 

A  second  series  of  tests  was  made  upon  No&  8,  9  and  10, 
to  see  which  of  them  gave  the  weakest  reaction,  25  oc.  of  liquid 
being  taken  from  each  bottle  and  diluted  with  pure  water  to 
the  volume  of  100  cc.  before  applying  the  test  It  appeared 
again  that  No.  10  gave  the  strongest  reaction  and  that  Na  8 
gave  the  weakest  Roughly  estimated,  the  strength  of  the 
reactions  from  jars  Nos.  10,  9  and  8  were  to  one  another  as 
5:2:1. 

It  may  here  be  said  that  humus  was  employed  in  these  exper- 
iments for  the  sake  of  testing  the  old  observation  of  Millon,* 
who  noticed  that  ammonium  salts  are  changed  to  nitrates  whcD 
in  contact  with  oxidizing  humus,  and  who  argued  that  the 
chemical  action  originated  by  the  coming  together  of  humus 
and  oxygen,  was  communicated  to  the  ammonium  compound 
In  his  own  words :  "  The  oxidation  of  the  humic  add  is  the 
cause  of  the  oxidation  of  the  ammonia.'* 

In  so  far  as  the  foregoing  experiments  go,  we  have  mani- 
festly a  striking  confirmation  of  the  accuracy  of  Millon's  work. 
But  on  repeating  the  experiments  with  the  difference  that  the 
bog-earth  was  henceforth  exhausted  with  hot,  strong  muriatic 
acid,  before  proceeding  to  wash  it  with  water,  no  such  results 
as  the  foregoing  were  obtained  For  example,  in  a  second 
series  of  trials,  arranged  like  the  first,  the  contents  of  bottles 
Nos.  1  to  6  were  identically  the  same  as  before,  only  that  the 
amount  of  liquid  was  now  160  cc.  instead  of  260  cc.  Na  7 
contained  the  purified  peat  mixed  with  water;  No.  8  was  the 
same  as  7  plus  a  quantity  of  gypsum ;  No.  9  was  the  same  as  8 
plus  some  ammonium  chloride ;  No.  10  contained  water  alone; 
Wo.  11  purified  peat  plus  ammonium  chloride  and  ferric 
hydrate ;  No.  12  well-washed  cotton  rags  plus  ammonium  chlo- 
ride and  ferric  hydrate;  No.  13  purified  peat  plus  ammonium 
chloride;  No.  14  pure  water;  No.  15  pure  water,  the  same 
namely,  which  haa  already  done  service  (as  Na  11),  in  the 
first  series  of  experiments. 

The  weather  (October  18,  1877),  being  too  cold  to  permit  the 
keeping  open  of  a  window,  the  current  of  air,  purifieaas  before^ 
was  drawn  from  the  cold-air-box  of  the  hot-air  furnace  used  for 
warming  the  laboratory.  The  current  of  air  passed  this  time  in 
tbe  direction  from  No.  1  to  No.  15;  it  was  maintained  constant!/ 

*  Kopp  and  Will's  Jahresbericht  der  Chemie,  1860,  ziii,  101  and  1864,  xrii,  lUL 
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daring  ten  days,  and  the  contents  of  the  bottles  were  then 
tested  as  before  for  nitrites  and  nitrates.  But  no  reaction  was 
obtained  in  either  instance,  with  the  exception  of  No.  12  (cot- 
ton rags,  etc.),  which  gave  a  faint  coloration  of  a  not  very  sat- 
isfactory character.  After  the  application  of  the  test  those  of 
the  bottles  which  still  contained  a  sufficiency  of  liquid  were 
re-attached  to  the  aspirator  and  air  was  drawn  through  them 
continually  during  another  week,  when  the  test  for  nitrites  and 
nitrates  was  again  applied.  But  in  no  case  was  there  any  reac- 
tion, with  the  exception  of  bottle  No.  8  whose  contents  gave  a 
faint  coloration. 

Inasmuch  as  warm,  and,  at  times,  hot  summer  weather  had 
prevailed  during  the  term  of  the  first  series  of  experiments, 
while  the  out-door  air  was  decidedly  cool  and  that  of  the  labo- 
ratory by  no  means  very  warm  during  the  time  allotted  to  the 
second  series,  a  third  set  of  trials  was  undertaken  in  December, 
1877,  in  which  the  contents  of  the  bottles  were  heated  artifi- 
cially. That  is  to  say,  the  bottles  were  immersed  in  a  large 
water-bath,  which  was  heated  to  from  70°  to  80°  C.  during  the 
progress  of  the  experiment. 

Id  this  third  senes,  there  were  eight  bottles  containing  the 
purified  peat,  first  by  itself ;  then  aamixed  with  gypsum ;  with 
gypsum  and  ammonium  chloride;  and  with  ammonium  chlo- 
ride and  ferric  hydrate.     One  bottle  contained  washed  cotton 
rags,  ammonium  chloride,  and  ferric  hydrate  as  before.     The 
water-bath  was  heated  during  working  hours  for  a  fortnight, 
perhaps  a  hundred  hours  in  all,  and  during  this  time  air  was 
drawn  from  the  furnace-box  and  purified  as  before.     The  con- 
tents of  the  bottles  were  then  tested  for  nitrites  and  nitrates, 
bat  no  reaction  was  obtained  in  either  case.     To  make  sure 
=.    that  the  absence  of  the  reaction  was  not  due  to  any  interference 
~-   caused  by  the  presence  of  the  peat  or  the  chemicals,  a  fresh 
t   portion  of  liquid  was  taken  from  each  of  the  bottles,  enough 
%   nitrate  of  potash  to  amount  to  OOOI  gram  of  N,0^  was  added, 
I  and  the  test  for  nitrites  and  nitrates  was  applied  in  the  usual 
I  way:    reactions    were  now   obtained  immediately  in    every 
*    instance. 

I  In  the  light  of  the  facts  observed  by  Schlosing,  the  natural 
inference  from  the  results  of  these  experiments  is  that  the  for- 
mation of  nitrates  or  nitrites  in  bottles  Noa  7  to  10  of  the  first 
aeries  of  experiments  was  due  to  the  presence  of  living  organ- 
isms which  the  peat  had  harbored,  and  that  the  absence  of 
nitrification  in  the  other  series  of  experiments  is  to  be  attrib- 
nted  to  the  destruction  of  the  ferment-germs  by  the  hot  acid 
with  which  the  peat  employed  in  these  experiments  had  been 
treated.  It  is  to  be  observed,  moreover,  that  the  formation  of 
nitrogen  oxides  in  the  bottles  Nos.  7  to  10  is  in  nowise  out  of 
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accord  with  the  important  fact  observed  by  Warington,  that 
darkness*  is  essential  to  the  action  of  the  nitrifying  germs,  for 
although  my  bottles  were  not  shielded  from  diffused  daylight, 
the  mixtures  of  peat  and  water  which  they  contained  were 
practically  dark-coiored  muds,  not  ill-fitted  to  shelter  the  germs 
from  the  light 

It  is  possible  of  course  that  the  colder  weather  which  pre- 
vailed auring  the  later  trials  may  have  had  an  influence  upon 
their  results ;  but  if  this  be  so,  tne  fact  must  be  counted  as  an 
additional  argument  in  favor  of  the  ferment-theory.  More- 
over, it  may  fairly  be  inferred  that  if  mere  oxidation  be  all 
that  is  needed  to  induce  nitrification,  the  heating  of  the  liquids 
by  day  in  the  third  series  of  experiments  would  have  been  suf- 
ficient; though  both  the  strong  heat  and  the  cooling  of  the 
bottles  by  night  would  have  tended  to  prevent  the  growth  of 
living  organisms. 

In  the  interest  of  the  ferment-theory,  it  would  have  been 
well  to  control  the  negative  results  above  given  by  trials  with 
mixtures  of  the  purified  peat  and  carbonate  of  lime,  for  peat 
which  has  been  treated  with  muriatic  acid  has  always  a  slight 
acid  reaction,  due  I  suppose  to  free  humic  acid,  no  matter  how 
thoroughly  it  may  have  been  washed  with  water,  and  it  is  to 
be  supposed  that  this  acid  peat,  devoid  withal  of  phosphatic 
and  other  saline  matters,  is  not  fovorable  for  the  growth  of  the 
ferment  But  as  was  said  before,  my  experiments  were  made 
to  test  the  oxidizing  action  of  certain  chemicals,  not  to  culti- 
vate living  organisms. 

It  may  be  added  that  I  have  not  as  yet  found  any  evidenoe 

*  The  following  statement  has  a  certain  interest  for  analysts  as  bearing  upon 
the  stability  of  dilute  solutions  of  ammonium  chloride.  In  February,  1877,  itww 
noticed  by  my  assistant,  Mr.  Lewis,  that  a  solution  of  ammonium  chloride  whkh 
had  been  prepared  ten  or  twelve  montlis  previously  for  use  in  connection  with 
Nessler's  test,  by  dissolving  the  salt  at  the  rate  of  3*15  grams  to  the  liter,  now 
gave  a  strong  reaction  for  nitrites,  although  freshly-prepared  solutions,  made  in 
the  same  way  from  like  materials  gave  no  reaction.  The  old  solutioii  was  oon- 
taincd  in  a  glass-stoppered  bottle  which  was  about  half  filled  by  it,  and  it  had 
been  kept  most  of  the  time  in  a  dark  cupboard. 

Acting  on  the  supposition  that  the  change  of  the  ammonium  salt  to  a  nitrite 
had  been  caused  by  the  growth  of  some  fungus  in  the  liquid  and  that  such  fun- 
gus might  perhaps  be  present  in  other  bottles  in  the  neighborhood,  I  coUectod  at 
many  different  specimens  of  moulds  as  could  be  found  growing  in  the  Tariooi 
saline  solutions  kept  in  the  laboratory,  and,  after  rinsing  with  pure  water,  placed 
them  in  a  series  of  half-gallon  bottles,  into  which  had  been  poured  frono  half  to 
quarter  of  a  liter  of  dilute  ammonium  chloride,  such  as  is  used  for  Nessleriaii^ 
A  quantity  of  mother  of  vinegar  also  was  placed  in  a  similar  bottle.     This  aeries 
of  bottles  was  left  to  stand  during  early  autumn,  and  winter  in  a  green-honee^ 
in  a  rather  strong  light,  and  the  solutions  were  tested  f^om  time  to  time,  at  illte^ 
vals  of  three  or  four  weeks,  but  no  reaction  for  nitrites  or  nitrates  could  erer  be 
obtained  from  either  of  the  bottles.     The  experiments  of  Waringtoa  show  thit 
these  trials  were  vitiated  by  the  strong  light  to  which  the  bottles  were  exposed. 
It  is  not  altogether  unlikely  that  different  results  wouid  have  been  reached  if  U» 
bottles  had  been  kept  in  the  dark. 
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that  solutions  of  ammonium  compounds  can  be  oxidized  to 
nitrites  or  nitrates  by  means  either  of  ferric  oxide,  of  black 
oxide  of  manganese  or  of  gypsum.  I  can  say  with  Millon,* 
that,  in  spite  of  all  that  has  been  written  in  favor  of  the  oxida- 
tion of  ammonium  by  ferric  oxide,  "  I  owe  it  to  truth  to  state 
that  though  the  most  varied  attempts  have  been  made  to  oxi- 
dize ammonia  in  the  cold  (i.  e.  in  the  wet  way),  by  peroxide  of 
iron,  they  have  all  proved  unavailing." 

I  am  indebted  to  my  assistant,  Mr.  D.  S.  Lewis,  for  his  care- 
ful attention  to  the  details  of  these  experiments. 

BuBfley  Institatioii,  Jamaica  Plain,  l£a8&,  April,  1878. 


Art.  LXV, — Oeographical  and  Geological  Survey  of  the  Rocky 
Mountain  Region  under  the  direction  of  Professor  J,  W.  Powell 
Account  of  work  performed  during  the  year  1877. 

[OoDduded  from  page  358.] 

Ethnographic  Work — During  the  season  the  ethnographic 
work  was  more  thoroughly  organized  and  the  aid  of  a  large 
number  of  volunteer  assistants  living  throughout  the  country 
was  secured.  Mr.  W.  H.  Dall,  of  the  United  States  Coast  Sur- 
vey, prepared  a  paper  on  the  tribes  of  Alaska,  and  edited  other 
Eipers  on  certain  tribes  of  Oregon  and  Washington  Territory. 
e  also  superintended  the  construction  of  an  ethnographic 
map  to  accompany  his  paper,  including  on  it  the  latest  geo- 
graphic determination  from  all  available  sources.  His  long 
residence  and  extended  scientific  labors  in  that  region  pecu- 
liarly fitted  him  for  the  task,  and  he  has  made  a  valuable  con- 
tribution both  to  ethnology  and  geography.  With  the  same 
volume  was  published  a  paper  on  the  habits  and  customs  of 
certain  tribes  of  the  State  of  Oregon  and  Washington  Terri- 
tory, prepared  by  the  late  Mr.  George  Gibbs,  while  he  was 
engaged  on  scientific  work  in  that  region  for  the  government. 
The  volume  also  contains  a  Niskwalli  vocabulary  with  extended 
grammatic  notes,  the  last  great  work  of  the  lamented  author. 
In  addition  to  the  map  above  mentioned  and  prepared  by  Mr. 
Dall,  a  second  was  made,  embracing  the  western  portion  of 
Washington  Territory  and  the  northern  part  of  Oregon.  The 
map  includes  the  latest  geographic  information,  and  is  colored 
to  show  the  distribution  of  Indian  tribes,  chiefly  from  notes 
and  maps  left  by  Mr.  Gibbs.  Much  of  the  linguistic  material 
of  this  volume  was  collected  by  correspondents  of  the  Smith- 
sonian, and  turned  over  to  Professor  Powell,  to  be  consolidated 
with  materials  collected  by  members  of  his  corps. 

«  Chemical  News,  1860,  ii,  337,  from  Comptee  Rendus. 
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These  papers  form  a  quarto  volume  of  861  pages,  entitled 
Contributions  to  North  American  Ethnology,  volume  I,  the 
first  of  a  series  to  be  published  on  this  subject 

Volume  IL  relating  to  the  tribes  of  the  eastern  portion  of 
Washington  Territory  and  the  State  of  Oregon,  was  partially 
prepared  for  the  printer,  but  it  was  thought  best  to  withhold 
Its  publication  until  further  materials  were  collected  from  that 
region. 

The  third  volume  of  the  series  has  been  published.  This 
relates  to  the  Indians  of  California.  Mr.  Stephen  Powers,  of 
Ohio,  has  been  engaged  for  several  years  in  the  preparation  of 
this  volume.  The  first  part  contains  an  account  of  the  habits, 
customs,  mythology,  etc.,  of  the  several  tribes.  At  our  earliest 
knowledge  of  the  Indians  of  California  they  were  divided  into 
small  chieftaincies,  speaking  diverse  languages,  and  belonging 
to  radically  difierent  stocks,  and  the  whole  subject  was  one  of 
great  complexity  and  interest  The  materials  collected  by  Mr. 
Powers  were  sufficient  to   successfully   unravel    the  difficult 

Eroblem  relating  to  the  classification  and  affinities  of  a  very 
irge  number  of  tribes,  and  his  account  of  their  habits  and  cus- 
toms is  of  much  interest.  A  number  of  vocabularies  of  the 
Smithsonian  Collection  are  published  with  those  of  Mr.  Pow- 
ers. The  linguistic  portion  of  the  volume  was  edited  by  Pro- 
fessor Powell. 

The  volume  is  accompanied  by  a  map  of  the  State  of  Cali- 
fornia, compiled  from  the  latest  official  sources,  and  colored  to 
show  the  distribution  of  linguistic  stocka 

The  Rev.  J.  Owen  Dorsey,  of  Maryland,  has  been  engaged 
for  more  than  a  vear  in  the  preparation  of  a  grammar  and  dic- 
tionary of  the  Ponka  language.  His  residence  among  these 
Indians  as  a  missionary  has  furnished  him  favorable  opportu- 
nity for  the  necessary  studies,  and  he  has  pushed  forward  the 
work  with  zeal  and  ability. 

Professor  Otis  T.  Mason,  of  Columbia  College,  has  for  the 
past  year  rendered  the  office  much  assistance  in  the  study  of 
the  history  and  statistics  of  Indian  tribes. 

Brevet-Lieutenant  Colonel  Garrick  Mallory,  United  States 
Army,  has  during  the  year  been  engaged  in  the  study  of  the 
history  and  statistics  of  the  Indians  of  the  United  States.  His 
researches  lead  him  to  the  conclusion  that  the  generally  received 
opinion  that  a  very  large  Indian  population  occupied  this  coun- 
try at  the  time  of  its  discovery  is  erroneous,  that  the  supposed 
rapid  and  general  decadence  of  the  Indians  arising  from  con- 
tact with  civilization  is  not  sustained,  and  that  when  circum- 
stances have  not  rendered  it  impossibh*,  they  are  making  rea- 
sonable progress  towards  civilization,  together  with  which  in 
many  instances  their  numbers  have  increased.     No  final  publi- 
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cation  on  the  subject  has  yet  been  issued,  but  he  has  read 
papers  before  the  Philosophical  Society  of  Washington  and 
other  scientific  bodies,  to  invite  the  attention  of  ethnologists  to 
the  subject.  He  has  also  been  engaged  in  preparing  the  his- 
tory and  bibliography  of  the  Klamath,  Chinook,  Wayiletpu, 
Salbaptin,  and  other  families  of  Oregon,  and  his  papers  on  this 
subject  will  appear  in  the  second  volume  of  Contributions  to 
North  American  Ethnology. 

In  March  last,  Mr.  Albert  S.  Gatschet  was  employed  to  assist 
in  the  study  of  Indian  languages,  and  during  the  spring  months 
his  time  was  occupied  as  an  assistant  in  compiling  the  bibliog- 
raphy of  the  North  American  languages.  During  the  summer 
and  autumn  months  he  visited  a  number  of  tribes  in  Oregon, 
for  the  purpose  of  collecting  vocabularies  and  grammatic  notes. 
On  his  way  to  the  field  he  stopped  at  Ogden,  where  he  found  a 
tribe  of  Shoshone  Indians,  from  whom  he  procured  a  vocabu- 
lary of  about  five  hundred  words. 

In  Chico,  Butte  County,  California,  he  stopped  one  week,  to 
visit  the  Mich6pdo  Indians,  a  branch  of  the  Maidu  stock,  where 
he  collected  linguistic  material  of  value.  From  Chico  he  pro- 
ceeded directly  to  the  Klamath  Agency,  in  Southern  Oregon, 
where  eipht  weeks  were  devoted  to  the  study  of  the  language 
of  the  Klamath  Indians,  a  branch  of  the  Modok  family.  Mr. 
Gatschet  had  previously  studied  this  language,  by  obtaining 
words  from  Modok  Indians  visiting  Washington  and  New 
York,  and  his  work  at  the  Klamath  Agency  was  a  continua- 
tion of  such  study.  Altogether  he  has  collected  a  vocabulary 
of  about  five  thousand  words,  also  many  sentences  and  texts 
on  historic  and  mythologic  subjects  arranged  with  interlinear 
translations. 

The  numerical  system  of  this  language  is  quinary,  and  the 
numerals  above  eleven  have  incorporated  particles  giving  them 
a  gender  or  classifying  significance,  apparently  based  upon 
form.  The  subject  and  object  pronouns  are  not  incorporated 
in  the  verb ;  the  personal  pronouns  diflfer  from  the  possessive ; 
and  a  true  relative  pronoun  exista  An  important  character- 
istic of  the  language  is  the  use  of  prefix-particles  in  nouns  and 
verbs  indicating  form,  and  the  reduplication  of  the  first  sylla- 
ble, which  is  usually  the  radical  syllable,  for  the  purpose  of 
showing  distribution.  It  is  often  equivalent  to  our  plural  It 
occurs  in  the  singular  of  adjectives  indicating  shape  and  color, 
in  augmentative  and  diminutive  nouns  and  verbs,  in  iterative 
and  frequentative  verbs;  and  forms  the  distributive  plural  of 
many  substantives,  adjectives,  numerals,  verbs  and  adverbs. 

From  the  Klamath  Agencv,  Mr.  Gatschet  proceeded  to  the 
Grande  Bonde  Agency,  in  the  northwestern  part  of  Oregon. 
On  his  way  he  stopped  at  Dayton,  and  made  collections  of 
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Shasta  and  Umpqua  words,  from  reliable  Indians.  On  the 
Grande  Bonde  Agency  are  found  a  large  number  of  tribes  and 
remnants  of  tribes  which  were  collected  there  after  the  Or^on 
war  of  1855-6 ;  and  with  the  exception  of  the  Klikatats  they 
are  all  from  Western  Oregon.  The  following  is  a  classification 
of  the  linguistic  stocks  now  on  this  reservation :  Tinn6h,  Silets, 
Wayiletpu,  Shasta,  T'sinuk,  Sahaptin,  Selish,  Modok  and  Kal- 
apuya.  The  Kalapuya  once  occupied  almost  the  whole  extent 
of  tne  beautiful  and  fertile  Willamette  valley,  and  one  branch 
of  this  stock,  the  Yonkalla,  even  extended  into  the  Umpqua 
valley. 

The  Tualati  language,  a  dialect  of  the  Kalapuya  stock,  was 
the  one  studied  by  Mr.  Gatschet,  and  from  his  notes  the  fol- 
lowing characteristics  appear:  The  phonetics  are  strikingly 
soft  and  harmonious,  ana  though  consonants  are  often  assem- 
bled in  large  clusters,  they  never  offend  the  ear,  nor  do  they 
seem  unpronounceable  to  Americans.  A  laree  number  of 
words  begin  with  vowels,  especially  with  a,  t  and  u.  The  sub- 
stantive adjective  and  numerals  are  not  inflected  for  case,  as  in 
the  Modok.  Adjectives  and  numerals  and  some  substantives 
are  varied  to  indicate  the  plural  number.  The  parts  of  speech 
are  very  imperfectly  differentiated.  The  personal  and  posses- 
sive pronouns  have  the  same  gender,  as  a  distinction  of  sex  is 
indicated  in  the  singular  of  subject  pronouns  but  not  in  the 
plural  Prefix  particles  are  extensively  used  to  express  the 
mood,  voice  and  tense  of  the  verb,  and  the  same  particles  ful- 
fill this  function  in  the  noun.  The  personal  pronouns  of  the 
direct  object  differ  greatly  from  the  pronouns  of  the  indirect 
object;  and  every  one  oi  the  three  persons,  in  the  singular  and 
plural,  possess  a  different  series  of  direct  and  indirect  objective 
pronouna  The  conjugation  of  the  transitive  verb  difi'ers  in 
many  particulars  from  that  of  the  intransitive.  There  appear 
to  be  structural  affinities  between  the  Kalapuya  and  Selish 
stocks.  Over  three  thousand  words,  many  hundred  sentences 
and  valuable  ethnologic  texts  were  collected. 

Besides  the  Michopdo,  Modok  and  Tualati  before  mentioned, 
Mr.  Gatschet  also  collected  vocabularies  and  sentences  of  the 
following  languages:  Shoshoni,  Achomawi,  Shasta,  Wintun, 
Waccan&sisi,  Waska,  Klakamas,  Molele,  Nestucca,  Yamhill, 
Lukamayuk  and  Ahantchuyuk.  In  the  collection  of  all  these 
vocabularies,  the  "  Introduction  to  the  Study  of  Indian  Lan- 
guages," prepared  for  the  Smithsonian  Institution  by  ProL  J. 
W.  Powell  was  used. 

Dr.  H.  C.  Yarrow,  U.  S.  A.,  now  on  duty  at  the  Army  Medi- 
cal Museum  in  Washington,  has  been  engaged  during  the  past 
year  in  the  collection  of  material  for  a  monograph  on  the  cus- 
toms and  rites  practised  in  the  disposal  of  the  dead  among  the 
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North  American  Indians.  To  aid  bim  in  this  work,  circulars 
of  inquiry  have  been  widely  distributed  among  ethnologists  and 
other  scholars  throughout  North  America,  and  much  material 
has  been  obtained  which  will  greatly  supplement  his  own  ex- 
tended observations  and  researches. 

During  the  summer  some  interesting  work  was  done  in  the 
examination  of  the  stone  graves  of  Tennessee,  and  valuable  col- 
lections were  mada  Professor  Powell  has  cooperated  with  the 
Institution  in  providing  for  a  more  thorough  examination  of 
the  archfleology  of  the  islands  oflf  the  shore  of  southern  Cali- 
fornia. This  exploration  was  made  by  Rev.  Stephen  Bowers, 
of  Indianapolis,  Indiana,  and  his  report  will  be  published  with 
the  papers  of  the  survey. 

A  small  volume,  entitled  "Introduction  to  the  Study  of 
Indian  Languages,"  has  been  prepared.  This  book  is  intended 
for  distribution  among  collectors.  In  its  preparation,  Prof. 
Powell  was  assisted  by  Prof.  W.  D.  Whitney,  the  distinguished 
philologist  of  Yale  College,  in  that  part  relating  to  the  repre- 
sentation of  the  sounds  of  Indian  languages.  A  few  prelimi- 
nary copies  have  been  printed  and  distributed  among  gentlemen 
interested  in  the  study  of  Indian  languages  for  such  addition 
and  emendations  as  may  be  suggested  preparatory  to  final  pub- 
lication. A  tentative  classification  of  the  linguistic  families  of 
the  Indians  of  the  United  States  has  been  prepared.  This  will 
be  published  as  soon  as  the  bibliography  is  ready. 

In  pursuing  these  ethnographic  investigations  it  has  been  the 
endeavor,  as  far  as  possible,  to  produce  results  that  would  be  of 
practical  value  in  the  administration  of  Indian  affairs,  and  for 
this  purpose  especial  attention  has  been  paid  to  statistics,  the 
progress  made  by  the  Indians  towards  civilization,  and  the 
causes  and  remedies  for  the  inevitable  conflict  that  arises  from 
the  spread  of  civilization  over  a  region  inhabited  by  savages. 
It  is  believed  that  the  labors  in  this  direction  will  not  be  void 
of  useful  results. 

Survey  of  the  Black  HiUs. — In  1875,  a  reconnaissance  survey 
was  made  of  the  Black  Hills  of  Dakota,  by  Mr.  Walter  P. 
Jenny,  with  a  corps  of  assistants,  under  the  direction  of  the 
honorable  Secretary  of  the  Interior.  On  the  return  of  the 
party  from  the  field,  Mr.  Jenny's  report  relating  to  the  mineral 
resources  of  the  country  was  immediately  published,  but  the 
geographical  and  geological  report  was  unfinished  at  that  time. 
This  latter  work  was  left  in  the  hands  of  Mr.  Henry  A.  New- 
ton, his  geological  assistant,  to  be  completed.  On  May  28th, 
1877,  at  the  request  of  Mr.  Newton,  the  completion  of  the 
work  was  placed  under  the  direction  of  this  Survey  by  order 
of  the  Secretary  of  the  Interior. 

On  consultation  with  Mr.  Newton,  it  appeared  wise  that  he 
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should  visit  the  field  again  for  the  purpose  of  determining 
certain  doubtful  points  in  the  geological  structure,  and  to  in- 
sert on  the  maps  the  position  of  the  several  towns  and  roads 
established  in  tnat  region  since  the  discovery  of  gold,  and  Mr. 
Newton  was  employed  for  this  purpose.  He  had  been  in  the 
field  but  a  short  time  when  he  was  prostrated  bj  the  sick- 
ness which  resulted  in  his  death.  Previous  to  his  departure  he 
completed  his  report  on  the  geology  of  that  country,  and  the 
map  had  been  placed  in  the  hands  of  the  engraver;  the  whole 
emrx)dying  all  the  facts  discovered  up  to  that  time.  Thus, 
happily,  his  work  will  not  be  lost  It  is  expected  that  his 
report  will  be  published  during  the  present  winter,  in  the 
shape  in  which  it  was  left  by  him. 

The  death  of  Mr.  Newton  makes  a  serious  break  in  the 
ranks  of  the  younger  and  more  active  geologists  of  America. 
He  possessed  rare  abilities,  had  much  experience  in  field  opera- 
tions, and  had  received  thorough  and  wise  training,  ana  his 
work  in  other  fields  had  exhibited  his  ability.  But  the  great 
work  of  his  short  life  will  doubtless  be  his  report  on  the  geol- 
ogy of  the  Black  Hills  of  Dakota. 

During  the  past  six  years  one  branch  of  the  work  of  the 
survey  has  been  considered  of  paramount  importance,  namely, 
the  classification  of  lands  and  tne  subjects  connected  therewith. 
The  object  has  been  to  determine  the  extent  of  irrigable  lands, 
timber  lands,  pasturage  lands,  coal  lands  and  mineral  lands. 
In  general  the  lands  that  are  cultivable  only  through  irrigation 
are  limited  by  the  supply  of  water.  There  are  some  excep- 
tions to  this.  Where  streams  are  found  in  narrow  valleys  or 
run  in  deep  ca&ons,  the  limit  of  agricultural  land  is  determined 
by  the  extent  of  the  areas  to  which  the  water  can  be  conducted 
with  proper  engineering  skill.  In  the  study  of  this  subject 
many  interesting  and  important  problems  have  arisen,  and 
many  valuable  facts  have  been  collected. 

From  the  survey  of  the  timber  lands  one  very  important 
fact  appears,  that  the  area  where  standing  timber  is  actually 
found  IS  very  much  smaller  than  the  areas  where  the  condi- 
tions of  physical  geography  are  such  that  timber  should  be 
found  as  a  spontaneous  growth — that  is,  the  area  of  timber  is 
but  a  small  fraction  of  the  timber  region.  The  destruction  of 
timber  in  such  regions  now  found  naked,  is  due  to  the  great 
fires  that  so  frequently  devastate  these  lands ;  and  the  amount 
of  timber  taken  for  economic  purposes  bears  but  an  exceed- 
ingly small  ratio  to  the  amount  so  destroyed.  Hence  the 
important  problem  to  be  solved  is  the  best  method  by  which 
these  fires  can  be  prevented. 


J.  Badgers — Observations  on  the  Transit  of  Mercury,     455 

Another  subiect  which  has  received  much  attention  is  the 
utilization  of  the  pasturage  lands ;  and  still  another,  the  best 
methods  of  surveying  the  mineral  lands  for  the  purpose  of 
description  and  identification,  that  the  owners  of  mines  may  be 
relieved  of  the  great  burden  of  litigation  to  which  they  are 
subjected  by  reason  of  the  inaccurate  and  expensive  methods 
now  in  vogue. 


Abt.  LXVL — Observations  on  the  Transit  of  Mercury.  Letter 
to  the  Editors  from  John  Rodgers,  Rear  Admiral  U.  S  N., 
Superintendent  of  the  United  States  Naval  Observatory, 
dated  May  11,  1878. 

It  may  interest  your  readers  to  learn  that  the  transit  of  Mer- 
cury, occurring  on  May  6-6,  was  very  successfully  observed 
at  the  Naval  Observatory,  and  throughout  the  country  gen- 
erally. Satisfactory  observations  of  all  the  contacts  were  made 
here,  and  good  observations  of  the  contacts  have  been  reported 
from  the  observers  of  the  United  States  Coast  Survey  in 
Washington,  and  in  diflferent  parts  of  the  country.  Reports  of 
observations  of  the  contacts  have  been  received  from  the 
French  astronomers  at  Ogden,  Utah,  and  from  the  astronomers 
at  Cincinnati,  Chicago,  Glasgow,  Mo.,  and  from  amateur 
observers  at  New  Orleans,  Savannah,  and  various  other  points ; 
so  that  we  have  an  abundance  of  observations  of  this  kind. 

Since,  however,  observations  of  the  contacts  give  only  the 
correction  of  the  longitude  of  the  planet,  the  larger  part  of  the 
appropriation  of  $1,500  made  by  Congress  for  observing  this 
transit  was  expended  in  photography.  The  directors  of  the 
observatories  at  Cambridge  and  at  Ann  Arbor,  Professors 
Pickering  and  Watson,  kindly  undertook  the  work  of  making 
photographs  at  their  observatories;  and  a  set  of  the  instru- 
ments used  in  photographing  the  transit  of  Venus  in  1»74,  was 
sent  to  each  of  these  observatories.  The  method  of  taking  the 
photographs  was  the  same  as  that  followed  in  the  case  of  the 
transit  of  Venus.  The  dry-plate  process  was,  however, 
adopted  in  the  present  case,  in  place  of  the  wet-plate  process 
used  in  the  transit  of  Venua  The  great  advantage  of  the 
dry-plate  process,  if  it  can  be  used  successfully,  is  evident 
The  plates  were  all  prepared  here  by  Mr  Joseph  A.  Rogers ; 
and  seventy-two  plates  were  sent  to  each  of  the  observatories, 
where  they  were  exposed  and  then  returned  here  for  develop- 
ment The  same  number  of  plates  were  exposed  here  by  Mr, 
Rogers. 
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The  day  at  Washington  was  very  favorable,  and  the  plates 
were  exposed  here  in  groups  of  six,  along  the  chord  described 
by  the  planet  across  the  disc  of  the  sun.  The  development 
shows  that  all  the  photographs  taken  here  can  be  measured 
accurately ;  and  we  think  they  will  furnish  data  for  a  very 
exact  determination  of  the  latitude  and  longitude  of  the  planet 
on  the  day  of  its  transit 

The  day  at  Cambridge  was  not  favorable,  and  the  development 
of  the  plates  exposed  there  gives  very  thin  photographs  ;  some 
of  which,  however,  can  be  measured.  At  Ann  Arbor  the  day 
was  cloudy  during  the  latter  part  of  the  transit,  and  the  plates 
were  all  exposed  in  the  earlier  part  of  the  day.  These  photo- 
graphs are  all  very  dense,  but  probably  all  can  be  measured. 
Measurements  of  these  photographs  will  be  made  as  soon  as 
possible  and  the  results  publishea. 

A  set  of  the  transit  of  Venus  photographic  apparatus  was 
funiished  the  French  astronomers,  Messrs.  Andr6  and  Angot,  at 
Ogden,  for  the  purpose  of  comparing  the  different  methods  of 
photographing  the  transit  These  gentlemen  report  a  snow 
storm  during  the  early  part  of  the  day,  but  clear  weather  in  the 
afternoon,  during  whicn  a  good  number  of  photographs  was 
secured. 

Our  experience  in  photographing  transits  of  planets,  and  in 
measuring  the  photc^raphs,  indicates  that  while  the  American 
method  is  correct  in  theory,  the  apparatus  needs  some  change. 
In  order  to  obtain  good  measures,  the  picture  should  be  sharp, 
and  the  exposure  short  It  is  probable,  therefore,  that  the 
reflectors,  which  now  lose  about  nineteen-twentieths  of  the 
light,  will  have  to  be  changed. 

A  comparison  of  the  observations  of  contact  with  the 
epheraerides  of  the  American  and  English  Nautical  Almanacs 
shows  that  the  English  Almanac  is  much  nearer  the  truth. 
Since  the  ephemeris  of  the  American  Almanac  is  based  on 
Leverrier's  old  theory,  and  that  of  the  English  Almanac  on  his 
recent  one,  the  result  of  the  present  observations  appears  to  be 
a  confirmation  of  Leverrier's  theory  with  respect  to  an  intra- 
merciirial  planet. 

United  States  Naval  Observatory,  Washington. 
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Art.  JjKYU,— Transit  of  Mercury  of  May  6//?,  1878 ;  by  S.  P. 

Langley. 

TuE  following  observations  made  during  the  transit  of  Mer- 
cury, yesterday,  have  some  interest  from  the  inferences  to  be 
drawn  from  them  as  to  physical  phenomena ;  and  to  devote  the 
opportunity  more  wholly  to  this  object,  no  measures  of  precis- 
ion were  attempted,  beyond  noting  the  times  of  ingress  and 
^ress.  The  principal  instruments  were  the  equatoreal  refractor 
of  thirteen  inches  (used  in  the  early  part  of  the  day  with  nine 
inches  effective  aperture),  and  a  polarizing  solar  eye-piece,  which 
dispenses  altogether  with  any  dark  glass,  and  presents  objects 
in  their  natural  colors  and  relative  brightness. 

I  had  the  fortune,  at  ingress,  of  an  unusually  blue  and  trans- 
parent sk}',  and  aided  by  this,  saw  with  the  polarizing  eye-piece 
the  entire  disc  of  Mercury  outside  the  sun  about  one-half  a 
minute  before  first  external  contact.  Presumably  it  might 
have  been  seen  even  earlier,  had  not  time  been  lost  in  searching 
for  it,  through  lack  of  means  to  designate  the  precise  position- 
angle,  the  position  filar-micrometer  not  being  adaptable  to  this 
eye-piece.  After  a  pause  to  verify  the  reality  of  the  phenome- 
non by  revolving  the  eye-lens,  etc.,  the  chronograph  key  was 
struck  at  21*»  52™  39»'45  Allegheny  mean  time,  to  record  the 
observation.  As  this  was  really  made  earlier,  and  the  disc  was 
«een  throughout  its  circumference,  it  seems  clear  that  the 
coronal  back-ground  is  bright  enough  to  produce  this  effect  at 
least  fifteen  seconds  of  arc  from  the  solar  limb,  and  in  spite  of 
the  atmospheric  glare. 

As  a  partial  substitute  for  the  filar  micrometer,  there  was  in 
the  field  a  glass  reticule,  ruled  (by  Prof.  Eogers,  of  Harvard) 
in  squares  whose  sides  represented  here  15'^%  and  this  enabled 
— not  a  measurement — but  a  fair  comparison  to  be  made  of  the 
apparent  size  of  the  planet  before  and  after  it  entered  on  the 
sun.  The  contrast  was  striking,  as  on  a  back-ground  very  little 
brighter  than  itself  its  diameter  was,  if  anything,  greater  than 
one  of  the  sides  of  these  squares,  while  as  soon  as  it  entered  on 
the  sun  it  seemed  to  shrink  by  more  than  one-fifth  of  this. 
First  external  contact  was  noted  on  the  chronograph  at  21*»  52"> 
50»'43.  First  internal  contact  was  noted  when  the  sunlight 
could  be  seen  unmistakably  between  the  disc  and  limb  at  21'* 
55™  47»'25.  These  entries,  I  believe  to  have  been  made  in  both 
cases  nearly  two  seconds  late  The  limb  just  at  second  contact, 
was  steady.     I  saw  no  "  black  drop"  or  "ligament'* 

As  the  disc  advanced  on  the  sun  it  was  closely  scrutinized, 
without  at  any  time  any  '* bright  point"  or  "annulus"  being 
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seen.  These  appearances,  resting  as  they  do  on  much  testimony, 
particularly  the  unimpeachable  evidence  of  Mr.  Huggins,  I  was 
prepared  to  expect,  but  fruitlessly  looked  for  with  powers  vary- 
mg  from  120  to  800  throughout  the  day,  with  the  polarizing 
eye-piece,  and  also  by  projection  of  the  image.  The  phenome- 
non may  depend  for  its  visibility  on  exceptionally  good  defini- 
tion, which  Mr.  Huggins*  appears  to  have  had;  that  here  was 
fairly,  though  not  unusually,  good.  The  darkest  part  of  the 
planet  was  the  center,  the  edges  being  decidedly  less  gray.  The 
cause  of  this  gradation  came  out  very  clearly  in  forming  a  very 
enlarged  image  for  projection,  being  plainly  due  in  most  part  to 
minute  and  rapid  atmospheric  tremor.  In  moments  of  best  defini- 
tion the  surface  became  of  a  nearly  uniform  shade  throughoutf 

The  planet  has  been  almost  uniformly  described  as  looking 
"black"  in  transit,  but  in  the  instrument  I  use  (the  objective 
of  which  was  corrected  by  Mr.  Alvan  Clark),  it  certainly  does 
not  look  black.  The  color  is  decidedly  less  red  than  that  of 
spot  nuclei,  being  gray,  slightly  inclining  toward  a  blue,  like 
that  of  the  spectrum  between  F.  y,  G.  (It  may  be  that  this 
bluish  cast  comes  from  the  secondary  spectrum  of  the  objective). 
The  average  light  from  the  disc  in  transit  is  very  considera- 
ble, being  not  much  less  than  that  of  some  nuclei.  No 
spots  were  present  for  comparison,  but  being  engaged  in  photo- 
metric determinations  of  these  and  other  parts  of  the  solar  sur- 
face, I  was  provided  with  means  of  comparing  Mercury  with 
tints  which  had  previously  been  contrasted  with  sun-spots 
under  like  conditions.  Absolute  photometric  determinations 
of  the  apparent  light  from  Mercury  in  transit  were  attempted 
by  projecting  a  greatly  enlarged  image  (its  actual  diameter  was 
three  quarters  inch  as  projected),  on  a  white  surface  in  a  dark 
camera  attached  to,  and  moving  with,  the  equatoreal.  Direct 
measurements  with  a  Jamin  photometer  were  unsatisfactory. 
Subsequently,  by  another  method,  a  trustworthy  value  was 
fixed  for  a  minimum.  It  was  thus  found  that  the  light  actually 
received  on  the  paper  apparently  from  the  so-called  "  black " 
body  of  the  planet,  at  any  rate  exceeded  eight  per  cent  of  that 
from  direct  sunlight,  and  measures  taken  by  the  thermopile  and 
galvanometer  showed  that  heat  was  coming  from  the  same 
airection. 

It  need  hardly  be  said  that  it  is  impossible  that  Mercury 
itself  should  be  radiating  heat  and  light  in  any  such  degree. 
Accordingly  I  take  these  numbers  as  representmg  (with  some 
possible  allowance  for  instrumental  causes)  the  minimum  effect 

*  Monthly  Notices  R.  A.  S.,  vol.  xxix,  p.  26. 

f  I  presume  that  even  in  absolutely  perfect  definition  there  would  be  theo- 
retically a  slight  gradation  due  to  another  cause,  i.  e.,  to  the  greater  effect  of  the 
edge  of  the  planet's  disc  of  the  inflection,  referred  to  in  a  subsequent  paragraph. 
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we  can  assigD  to  our  own  atmosphere  in  inflecting  the  solar 
radiation,  a  subject  on  which  data  have  been  hitherto  desirable. 
It  is  evident,  for  instance,  that  from  the  facts  here  stated  we 
can  estimate,  photometrically,  the  intrinsic  brightness  of  the 
corona,  since  it  was  undoubtedly  this,  acting  as  a  back-ground, 
which  enabled  the  planet,  though  itself  involved  to  a  calculable 
extent  in  atmospheric  glare,  to  be  seen  before  it  reached  the 
solar  limb. 

The  observations  were  interrupted  by  haze  in  the  afternoon 
and  egress  was  so  nearly  invisible  that  the  apparent  times  of 
contact  are  not  worth  giving. 

Allee^enj  Obeervatory,  May  7, 1878. 


Abt.  LXVIIL — Fossil  Mammal  from  the  Jurassic  of  the  Rocky 
Mountains  ;  by  Professor  O.  C.  Mabsh. 

Oke  of  the  most  interesting  discoveries  made  in  the  Rocky 
Mountain  region  is  the  risht  lower  jaw  of  a  small  mammal 
recently  received  at  the  Yale  College  Museum.  The  specimen 
was  found  in  the  Atlantosaarus  beds  of  the  Upper  Jurassic, 
and  the  associated  fossils  are  mainly  Dinosaurs. 

Dryolestes  priscuSy  gen.  et  sp.  nov. 

This  specimen  is  in  fair  preservation,  although  most  of  the 
teeth  have  been  broken  off  in  removing  it  from  the  rock.  The 
penultimate  molar,  however,  remains.  The  shape  of  the  jaw, 
and  the  position  and  character  of  the  teeth,  show  that  the 
animal  was  a  small  marsupial,  allied  to  the  existing  Opossums 
{Dtdelphidce).  The  tooth  preserved  has  the  same  general  form 
as  the  corresponding  molar  of  Chironecies  variegatus  Illiger. 
The  angle  of  the  jaw  is  imperfect,  but  there  are  indications  that 
it  was  inflected. 

The  principal  dimensions  of  this  specimen  are  as  follows : 


mm 


Space  occupied  by  seven  posterior  teeth 12 '5 

Depth  of  jaw  below  last  molar 4*4 

Transverse  diameter 1*8 

Height  of  crown  of  penultimate  molar 2* 

Transverse  diameter 1*5 

The  present  specimen  indicates  an  animal  about  as  large  as 
a  weasel.  It  is  of  special  interest,  as  hitherto  no  Jurassic 
mammals  have  been  found  in  this  country. 

Yale  College,  New  HaveD,  May  13,  1878. 
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Art.  LXIX. — On  some  dark  Shale  recently  discovered  below  the 
Devonian  Limestones  at  Independence^  Iowa  ;  with  notice  of  the 
Fossils  at  present  known  to  be  in  it;  by  S.  Calvin,  Professor 
of  Geology,  State  University  of  Iowa. 

The  Devonian  deposits  of  Iowa,  as  now  known,  may  be 
roughly  represented  by  the  annexed  diagram,  in  which  1  indi- 
cates the  position  of  a  member  of  the 
group  recently  discovered  at  Independence, 
consisting  of  dark  argillaceous  shales  with 
some  thin  beds  of  impure,  concretionary 
limestone.  It  has  been  explored  to  a  depth 
of  twenty  or  twenty-five  feet  No.  2 
represents  all  of  what  is  usually  included 


under  the  head  of  the  Devonian  limestones  of  Iowa,  and  is 
made  up  largely  of  limestone  with  some  associated  beds  of 
light-colored  shales  ;  estimated  thickness,  150  feet  No.  3  is  a 
bed  of  argillace<^us  shales  exposed  at  and  near  Rockford,  Iowa, 
and  is  referred  to  frequently  as  the  Rockford  Shales.  It 
abounds  in  fossils,  and  weathers,  on  exposure,  into  a  stiflF  clay 
that  has  been  utilized  in  the  manufacture  of  brick ;  observed 
thickness,  seventy  feet 

Until  recently,  Nos.  2  and  3  of  the  above  section  were  sup- 

fosed  to  make  up  the  entire  thickness  of  Devonian  rocks  in 
owa.  No.  2  not  only  varies,  as  already  indicated,  in  lithologi- 
cal  characters,  but  the  grouping  of  fossils  differs  widely  in 
different  localities,  so  much  so  that  competent  geologists  have 
referred  certain  exposures — for  example  those  at  Waterloo — to 
the  Corniferous,  and  others — as  at  Independence  and  Waverly — 
to  the  Hamilton.  Such  reference  of  the  above-named  exposures 
will  be  found  in  the  Twenty-third  Report  on  the  State  Cabinet 
of  New  York,  pp.  223-226,  and  in  the  same  article  Professors 
Hall  and  Whitfield  declare  the  Rockford  Shales  to  be  the 
equivalent  of  the  New  York  Chemung.  On  the  other  hand.  Dr. 
C.  A.  White,  Geology  of  Iowa,  1870,  vol.  i,  p.  187,  is  of  opinion 
that  all  the  Devonian  strata  of  Iowa  belong  to  a  single  epoch. 

Thus  matters  stood  until  about  a  year  or  so  ago,  when  D.  S. 
Deering  called  attention  to  the  interesting  fact  that  a  dark 
shale  had  been  exposed  in  working  out  the  layers  in  the 
bottom  of  one  of  the  limestone  quarries  near  Independence 
The  quarrymen  penetrated  the  shale  to  a  considerable  depth  in 
the  hope  of  finaing  coal.  The  shale  varies  somewhat,  litho- 
logically,  but  where  it  presents  its  most  characteristic  features, 
it  is  argillaceous,  fine-grained  and  charged  with  bituminoos 
matter.  In  some  of  the  beds  there  are  numerous  remains  of 
plants — stems  of  Lepidodendrons  and  Sigillarias  that  made  up 
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the  forests  of  the  Devonian.  The  plants,  however,  are  very 
imperfect;  the  form  only  is  partially  preserved,  and  that  mainly 
by  pyrite  that  replaced  the  original  stem.  The  woody  tissue 
oi  the  plants  has  been  in  part  converted  into  coal  that  occupies 
thin  irregular  seams  among  the  laminae  of  pvrite.  The  little 
bands  of  coal  vary  in  thickness,  but  none  of  them  observed 
exceed  a  quarter  of  an  inch.  None  of  the  plants  are  perfect 
enough  to  render  identification  or  description  possible. 

The  discovery  of  shale  charged  with  the  carbonized  stems  of 
plants,  below  the  Devonian  limestones  of  Iowa,  is  a  matter  of 
much  interest  Frequent  reports  have  gained  circulation  of  the 
discovery  of  coal  in  drilling  weUs  in  regions  occupied  by 
Devonian  rocks.  From  Jesup,  Janesville,  Marion,  Davenport 
and  other  places,  such  rumors  have  gone  out  In  two  or  three 
oases  shafts  were  dug  at  considerable  expense,  necessarily  end- 
ing in  disappointment  and  failure. 

The  discovery  at  Independence  accounts  for  these  reports. 
In  drilling  through  the  limestones,  the  lower  shale,  with  its 
carbonized  plants,  was  reached,  and  the  color  of  the  borings 
mixed  with  fragments  of  real  coal  naturally  enough  gave  rise 
to  the  impression  that  a  veritable  coal  mine  nad  been  found. 

It  is  to  be  noticed  that  all  the  places  from  which  such  reports 
have  come  stand  near  the  eastern  outcrop  of  the  Devonian, 
where  its  entire  thickness  could  be  pierced  at  a  very  moderate 
depth.  The  number  and  position  of  such  localities  would 
show  that  the  shale  in  question  is  not  a  mere  local  deposit,  but 
is  distributed  all  along  the  outcrop  of  Devonian  rocks  in  Iowa. 

The  researches  of  Mr.  Deering  and  myself  have  brought  to 
light  quite  a  number  of  finely  preserved  Brachiopods,  repre- 
senting fourteen  different  species.  Of  these,  two  are  not 
determined  and  five  others  are  new  to  science,  but  the  chief 
interest  attaches  to  certain  species  that  have  hitherto  been 
known  only  from  the  shales  of  bed  No.  3,  near  Rockford, 
Iowa.  For  the  purpose  of  indicating  the  relationship  of  the 
new  shale  to  the  other  Devonian  deposits  of  Iowa,  we  shall 
arrange  the  specimens  in  three  groups,  using  my  manuscript 
names  for  the  new  species. 

I.  Species  limited  in  Iowa  as  far  as  known,  to  the  Independ- 
ence Shales:  tSlropkodonta variabilis^  n.  sp.,  Oypidula  munda, 
n.  sp.,  OrtJiis  infera^  n.  sp.,  Rhynchonella  ainbigua^  n.  sp.,  Sjnrif- 
era  sitbumbona  Hall. 

II.  Species  ranging  through  all  the  Devonian  deposits,  and 
so  common  to  beds  1,  2  and  3  :  Atrypa  reticularis  Lin. 

IIL  Species  common  to  beds  1  and  3,  but  not  known  to  occur 
in  the  intervening  limestones:  Sirophodonta  quadraia^  n.  sp., 
&  arcuata  Hall,  S  Ganace  Hall  and  Whitfield,  S.  reversa  Hall, 
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Atrypa   hystrix  Hall,*  and   Productus  {Productella)   dissimUis 
Hall. 

It  is  an  interesting  fact  that  of  the  twelve  determined  species, 
six  occur  only  in  the  shaly  deposits  at  the  opening  and  close  of 
the  Devonian,  notwithstanding  these  deposits  are  separated  by 
160  feet  of  limestones.  Only  one  species  is  known  to  pass 
from  the  lower  shale  into  the  limestone  above,  and  even  that 
appears  under  a  form  so  altered  that  specimens  from  the  two 
beds  may  be  distinguished  as  readily  as  if  they  were  distinct 
species.  If  we  take  form  and  surface  markings  into  account 
tne  Atrypa  reticularis  of  No.  1,  also  finds  its  nearest  representa- 
tive, not  in  the  limestones  immediately  above,  but  in  the 
shales  at  Bockford. 

Obviously  then  the  Independence  Shales  are  more  nearly 
related  to  the  Rockford  beds  than  to  any  other  formation  in 
Iowa.  The  species  in  group  III  seem  to  have  disappeared  with 
the  ushering  in  of  conditions  under  which  limestones  were 
formed ;  they  maintained  themselves  in  some  locality  which 
has  not  been  discovered  or  from  which  the  shaly  deposits  have 
been  entirely  swept  away  and  returned  with  the  return  of  con- 
ditions more  favorable  to  them  during  the  deposition  of  the 
Bockford  Shales. 

The  intimate  relation  between  the  two  extremes  of  the  group 
can  but  strengthen  the  conclusion  of  Dr.  White,  that  all  the 
Devonian  strata  of  Iowa  belong  to  a  single  epoch. 
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Professor  Henry  died,  on  the  thirteenth  of  May,  1878, 
at  his  home  in  the  Smithsonian  Institution,  Washington  City. 
For  over  half  a  century  Professor  Henry  has  been  one  of  the 
foremost  men  of  science  in  the  United  States ;  and  his  name  is 
well  known  in  all  countries  where  science  is  cultivated.  He 
was,  it  is  believed,  the  last  of  that  band  of  the  older  men 
of  science  in  America,  dating  from  the  last  century,  having 
been  the  associate  during  his  career,  of  Hare,  Silliman,  Bache, 
Torrey,  and  others  of  the  same  epoch.  His  eminent  attain- 
ments and  important  discoveries  early  gave  him  a  well  earned 
reputation  as  an  original   investigator.     Later  his  skill  as  an 

*  The  form  designated  here  as  A.  hy^trix  Hall,  differs  conspicuoaslj  from  the 
form  described  in  the  Greology  of  Iowa,  1858,  yol.  i,  part  2,  p.  515,  under  the  name 
A.  aapera  var.  occidentalis.  This  last  form  is  very  abundant  in  the  limestones  al 
Independence.  The  specimens  from  the  Independence  Shale  are  identical  with 
the  form  presented  by  this  Atrypa  in  the  Rockford  shales  For  application  of 
this  specific  name  to  this  special  form,  see  Twenty-third  Annual  Report  of  Board 
of  Begenta  on  New  York  State  Cabinet,  p.  225. 
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administrator  of  great  public  trusts  in  the  interests  of  science, 
and  his  rare  personal  qualities,  made  him  universally  respected 
and  beloved.  His  noble  presence  and  cultivated  bearing 
were  always  conspicuous,  however  distinguished  the  society 
about  him,  and  manifested  truly  the  high  morale  which  gave 
him  a  dignity  rarely  equalled.  His  genial  smile,  not  unmingled 
with  a  certain  reserve,  will  never  be  forgotten  by  those  who 
enjoyed  his  friendship  or  came  into  familiar  contact  with  him. 
Fortunately,  a  fine  portrait  painted  quite  recently,  by  order  of 
the  trustees  of  the  Smithsonian  Institution,  will  preserve  his 
well  known  features  and  render  them  familiar  to  posterity. 

Professor  Henry  was  born  December  17,  1797,  at  Albany, 
New  York,  where  also  much  of  his  early  life  was  passed.  He 
had  at  first  the  advantages  of  only  a  common  school  educa- 
tion ;  later,  after  two  years  of  work  as  a  watchmaker,  he  came 
under  the  ti*aining  of  the  Albany  Academy,  where  he  developed 
a  degree  of  mathematical  talent  which,  in  1826,  led  to  his 
selection  for  the  duties  of  instructor  in  mathematics  in  that 
institution.  Prior  to  this,  having  had  some  experience  in  the 
field  as  a  survevor,  he  was  associated  with  Amos  Eaton  in  the 
Geological  Survey  along  the  line  of  the  Erie  canal,  projected 
and  sustained  by  General  Stephen  Van  Rensselaer. 

While  occupied  with  his  duties  as  mathematical  instructor 
in  the  academy — then  in  charge  of  Dr.  T.  Romeyn  Beck — he 
commenced  that  line  of  investigation  in  electricity  wliich 
resulted  in  the  important  discoveries  that  have  made  his 
name  famous.  He  attended  the  lectures  of  Dr.  Beck  on 
chemistry,  and  assisted  in  the  preparation  of  his  experi- 
ments. At  this  time  he  devised  and  published  an  improved 
form  of  WoUaston^s  sliding  scale  of  chemical  equivalents,  in 
which  hydrogen  was  adopted  as  the  radix — a  contrivance 
which  is  hardly  known,  even  bv  name,  to  the  present  genera- 
tion of  chemists.  Thus,  while  Professor  Henry's  original  con- 
tributions to  science  were  chiefly  physical,  his  first  scientific 
work  was  in  the  department  of  chemistry.  His  work  with  Dr. 
Beck  enabled  him,  after  his  removal  to  Princeton — where  he 
became  Professor  of  Natural  Philosophy  in  1832, — to  take  up 
the  duties  of  the  chemist,  Dr.  John  Torrey,  when  that  well 
known  teacher  was  disabled  for  a  time  by  ill  health. 

It  was  in  the  interval,  between  1828  and  1837,  that  the  most 
important  work  of  his  life  was  accomplished  in  the  line  of 
stnctly  scientific  research.  These  results  are  chiefly  recorded 
in  the  Transactions  of  the  Albany  Institute,  the  volumes  of 
this  Journal  for  the  period,  and  the  Transactions  of  the  Ameri- 
can Philosophical  Society.  His  **  Contributions  to  Electricity 
and  iita^netism,''  were  collected  in  a  separate  volume  in  1839. 
The  aniuysis  of  these  important  researches,  and  the  discussion 
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of  the  questions  of  priority  connected  with  them,  will  be  the 
duty  of  the  academician  to  whom  shall  be  assigned  the  prepara- 
tion of  a  memoir  or  eulogy  of  the  distinguished  author. 

Without  assigning  dates  we  give  the  following  brief  enume- 
ration of  his  memoirs  and  discoveries,  taken  from  a  communi- 
cation made  by  him  to  Prol  Silliman  in  August,  1874,  for  the 
Jurpose  of  insertion  in  an  address  delivered  at  Northumberland^ 
Pennsylvania,  on  the  occasion  of  the  celebration  of  the  centen- 
nial of  chemistrv.  The  order  and  enumeration  are  Professor 
Henry's : 

1.  A  sketch  of  the  topography  of  the  State  of  New  York, 
embodying  the  results  of  the  survey  before  mentioned. 

2.  In  connection  with  Dr.  Beck  and  the  Hon.  Simeon  De 
Witt,  the  organization  of  the  meteorological  system  of  the 
State  of  New  York. 

8.  The  development,  for  the  first  time,  of  magnetic  power, 
sufficient  to  sustain  tons  in  weight,  in  soft  iron,  by  a  compara- 
tively feeble  galvanic  current 

4.  The  first  application  of  electro-magnetism  as  a  power,  to 
produce  continual  motion  in  a  machina 

5.  An  exposition  of  the  method  by  which  electro-magnetism 
might  be  employed  in  transmitting  power  to  a  distance,  and  the 
demonstration  of  the  practicability  of  an  electromagnetic  tele- 
graph, which,  without  these  discoveries,  was  impossible. 

6.  The  discovery  of  the  induction  of  an  electrical  current  in 
a  long  wire  upon  itself,  or  the  means  of  increasing  the  intensity 
of  a  current  by  the  use  of  a  spiral  conductor. 

7.  The  method  of  inducing  a  current  of  quantity  from  one 
of  intensity,  and  vice  versa, 

8.  The  discovery  of  currents  of  induction  of  different  orders, 
and  of  the  neutralization  of  the  induction  by  the  interposition 
of  plates  of  metal. 

9.  The  discovery  that  the  discharge  of  a  Leyden  jar  consists 
of  a  series  of  oscillations  backward  and  forward  until  equi- 
librium is  restored. 

10.  The  induction  of  a  current  of  electricity  from  lightning 
at  a  great  distance,  and  proof  that  the  discharge  from  a  thunder- 
cloud also  consists  of  a  series  of  oscillations. 

11.  The  oscillating  condition  of  a  lightning-rod  while  trans- 
mitting a  discharge  of  electricity  from  the  clouds,  causing  it, 
though  in  perfect  connection  with  the  earth,  to  emit  sparks  of 
sufficient  intensity  to  ignite  combustible  substancea 

12.  Investigations  on  molecular  attraction,  as  exhibited  in 
liquids,  and  in  yielding  and  rigid  solids,  and  an  exposition  of 
the  theory  of  soap  bubbles.  [These  originated  from  his  being 
called  upon  to  investigate  the  causes  of  the  bursting  of  the 
great  gun  on  the  United  States  Steamer  Princeton.] 
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13.  Original  experiments  on  and  exposition  of  the  principles 
of  acoustics,  as  applied  to  churches  and  other  public  buildings. 

14.  Experiments  on  various  instruments  to  be  used  as  fog 
signals. 

15.  A  series  of  experiments  on  various  illuminating  materials 
for  light-house  use,  and  the  introduction  of  lard  oil  for  lighting 
the  coasts  of  the  United  States.  This  and  the  preceding  in  his 
oflSce  of  Chairman  of  the  Committee  on  Experiments  of  the 
Light-House  Board. 

16.  Experiments  on  heat,  in  which  the  radiation  from  clouds 
and  animals  in  distant  fields  was  indicated  by  the  thermo-elec- 
trical  apparatus  applied  to  a  reflecting  telescope 

17.  Observations  on  the  comparative  temperature  of  the  sun- 
spots,  and  also  of  different  portions  of  the  sun's  disk.  In  these 
experiments  he  was  assistea  by  Professor  Alexander. 

18.  Proof  that  the  radiant  heat  from  a  feebly  luminous  flame 
is  also  feeble,  and  that  the  increase  of  radiant  light,  by  the  in- 
troduction of  a  solid  substance  into  the  flame  of  the  compound 
blowpipe,  is  accompanied  with  an  equivalent  radiation  oi  heat, 
and  also  that  the  increase  of  light  and  radiant  heat  in  a  flame 
of  hydrogen,  by  the  introduction  of  a  solid  substance,  is  attended 
with  a  diminution  in  the  heating  power  of  the  flame  itsell 

19.  The  reflection  of  heat  from  concave  mirrors  of  ice,  and 
its  application  to  the  source  of  the  heat  derived  from  the  moon. 

20.  Observations  in  connection  with  Professor  Alexander,  on 
the  red  flames  on  the  border  of  the  sun,  as  observed  in  the 
annular  eclipse  of  1838. 

21.  Experiments  on  the  phosphorogenic  ray  of  the  sun,  from 
which  it  is  shown  that  this  emanation  is  polarizable  and  refran- 
gible, according  to  the  same  laws  which  govern  light. 

22.  On  the  penetration  of  the  more  fusible  metals  into  those 
less  readily  melted,  while  in  a  solid  state. 

The  following  paragraph,  from  a  letter  of  Mr.  P.  C.  Van Wyck 
published  recently  in  tne  New  York  Times,  has  a  special 
interest  in  this  place,  although  repeating  well-known  facts,  since 
it  comes  from  one  of  his  pupils,  a  graduate  of  Princeton  of  1846. 

**  While  attending  Professor  Henry's  lectures  the  Professor 
was  in  the  habit  of  demonstrating  to  the  Senior  Class  the  prac- 
ticability of  transmitting  messages  over  a  wire  stretched  from 
his  lecture-room  across  the  campus  to  his  own  study,  and  receiv- 
ing answers  back  from  Mrs.  Henry — elementary,  to  be  sure, 
yet  nevertheless  sufficient  to  demonstrate  the  principle.  So, 
also,  while  lecturing  on  the  subject  of  *  Sound,*  he  would  have 
a  long  pole  about  an  inch  in  diameter  passing  from  the  basement 
to  the  philosophical  hall  in  the  attic,  on  which  was  screwed 
firmly  a  rude  imitation  of  a  fiddle  at  the  top  near  the  ceiling, 
while  to  the  other  end  negro  Sam  had  a  real  fiddle  attached. 
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On  a  bell  si^al  from  the  Professor,  Sam  woald  saw  away  with 
bis  bow  in  the  cellar,  the  Professor  calling  the  attention  of  the 
class  to  the  weird  masic  his  fiddle  discoursed  in  the  lecture- 
room.  On  these  occasions  Professor  Henry  always  remarked 
that  the  function  of  the  philosopher  ceased  when  he  demon- 
strated the  principles  of  nature  in  his  discoveries;  that  it  then 
fell  to  the  share  of  the  inventor,  by  ingenious  devices,  to  sub- 
ordinate them  to  the  uses  of  man/* 

Dr.  Barnard's  notice  of  his  life  and  labors,  in  Johnson's 
CyclopaBdia,  is  known  to  have  been  revised  by  Professor  Henry. 
This  met  is  important  in  view  of  the  interest  attached  to  the 
question  of  priority  in  the  discovery  of  the  principles  on  which 
the  electro-magnetic  telegraph  was  invented.  Henry's  discovery 
in  1830  or  1831  of  the  production  of  powerful  magnetism,  at  a 
distance^  by  the  use  of  an  intensity  battery  current  and  a  redu- 
plication of  the  windings,  in  separate  short  circuits,  of  conduct- 
ing wire,  and  the  use  of  an  automatic  circuit  breaker  to  sound  a 
bell,  anticipates  by  many  years  any  electro-magnetic  telegraph. 
It  is,  in  fact,  in  universal  use  to-day ;  for  all  skilled  operators 
read  by  sou  nd,  the  record  on  a  paper  being  practically  of  little  use. 

To  the  above  enumerated  papers  should  be  added  an  impor- 
tant series  of  communications,  made  chiefly  to  the  National 
Academy  of  Sciences  during  the  past  four  or  five  years,  upon 
the  laws  of  acoustics  as  developed  in  the  course  oi  investiga- 
tions conducted  for  the  Light-House  Service  in  order  to  deter- 
mine the  various  conditions  involved  in  the  transmission  of 
fog-signals.  These  investigations  have  been  carried  forward 
mainly  in  go  vera  men  t  vessels,  and  occupied  Professor  Henry's 
close  personal  attention  during  many  weeks  of  each  season. 

Besides  these  experimental  additions  to  physical  science.  Pro- 
fessor Henry  is  the  author  of  thirty  reports,  between  the  years 
1846  and  1876,  giving  an  exposition  of  the  annual  operations  of 
the  Smithsonian  Institution.  He  has  also  published  a  series  of 
essays  on  meteorology  in  the  Patent  Office  Keports,  which,  along 
with  an  exposition  of  established  principles,  contain  many  new 
suggestions;  and.  among  others,  the  origin  of  the  development 
of  electricity,  as  exhibited  in  the  thunder-storm. 

Professor  Henry  remained  at  Princeton,  in  the  chair  of  Nat- 
ural Philosophy  until  his  removal  to  Washington  in  1846,  to 
enter  upon  tue  duties  of  Secretary  of  the  Smithsonian  Institu- 
tion. 

Favored  by  nature  with  a  vigorous  constitution,  he  enjoyed 
through  his  long  life  almost  uninterrupted  good  health.  His 
powerful  frame  and  calm  spirit  enabled  him  to  sustain  with 
comparative  ease  the  pressure  of  an  uncommon  burden  of  offi- 
cial labor  which  fell  to  his  share  as  the  head  of  the  Smithson- 
ian Institution ;  of  the  Light- House  Board ;   of  the  National 
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Academy  of  Science ;  and  as  the  adviser  of  the  Government  in 
matters  of  science. 

It  was  while  engaged  in  discbarge  of  certain  experimental 
work  on  Staten  Island  last  December,  connected  with  the  pho- 
tometric laboratory  of  the  Light-House  Board,  that  he  experi- 
enced a  partial  paralysis,  which  yielded  soon  to  treatment,  bat 
was  doubtless  the  precursor  of  the  nephritic  attack  to  which  he 
succumbed.  In  April  he  presided  at  the  opening  meeting  of  the 
session  of  the  National  Academy  of  Sciences  held  in  the  rooms 
of  the  Secretary  of  the  Smithsonian,  and  submitted  an  address 
to  his  associates,  read  by  the  Home  Secretary,  recounting  with 
touching  simplicity  his  recent  decline  of  power,  and  express- 
ing his  desire  to  be  relieved  from  the  cares  of  the  office  of  Pres- 
ident As  a  mark  of  affectionate  respect,  the  Academy  unan- 
imously requested  him  to  retain  this  post  during  his  life — leav- 
ing the  duties  to  be  discharged  by  the  Vice-President  It  was 
on  this  occasion  that  the  announcement  was  made  to  the  Acad- 
emy, by  Professor  Henry,  and,  subsequently,  in  fuller  details, 
by  Professor  Fairman  Rogers,  the  Treasurer,  of  the  creation  of 
an  endowment  to  be  called  "  the  Joseph  Henry  fund."  This  fund 
consists  of  forty  thousand  dollars,  securely  invested,  the  income 
of  which  is  for  the  support  of  Professor  Henry  and  that  of  his 
family,  during  the  life  of  the  latest  survivor.  Afterwards  the 
fund  is  to  be  transferred,  in  trust,  to  the  National  Academy  of 
Sciences,  the  income  to  be  forever  devoted  to  scientific  research. 
No  more  graceful  and  well-merited  tribute  of  respect  and  affec- 
tion was  ever  bestowed  upon  a  man  of  science,  by  the  sponta- 
neous offerings  of  personal  friends  and  associates.  Alas!  that 
its  honored  object  should  have  remained  so  brief  a  time  to 
enjoy  the  peace  and  satisfaction  of  this  gracious  endowment 
If  it  is  true  that  Kepublics  are  ungrateful,  it  is  pleasant  to 
know  that  the  absence  of  imperial  and  kingly  patronage  may 
be  compensated  by  a  sovereignty  not  less  potent 

It  is  a  truly  fortunate  circumstance  for  the  science  of  this 
country  that  a  man  of  Professor  Henry's  pure  and  exalted 
character  was  so  long  in  a  position  of  such  influence  in  public 
affairs  at  the  seat  of  government  By  force  of  his  earnest 
determination  that  the  will  of  the  Testator  should  be  carried 
out,  he  has  saved  the  Smithson  fund  from  diversion  and  absorp- 
tion in  a  public  library,  and  from  various  other  schemes,  and 
has  succeeded  in  devoting  it  **to  the  increase  and  diffusion  of 
knowledge  among  mankind,"  to  cite  the  words  used  in  Smith- 
eon's  will.  By  his  prudent  management  of  the  finances,  this 
fund,  after  paying  for  the  building  an  amount  nearly  equal  to 
the  original  fund,  and  certain  losses  incident  to  the  ordinary 
chances  of  investments,  is  larger  to  day  by  one-half  than  the 
original  fund  paid  over  to  the  United  States,     The  policy  upon 
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which  the  Smithsonian  Institution  was  instituted  and  has  been 
carried  forward,  was  mainly  the  result  of  the  united  eflForts  of 
Professor  Henry  and  his  friend,  and  able  counsellor,  the  late 
Professor  Alexander  D.  Bache,  whose  skill  and  success  as  an 
administrator  stood  the  test  of  a  long  and  successful  career,  at 
Washington,  as  the  head  of  the  United  States  Coast  Survey, 
from  1845  to  1863.  The  history  of  the  successive  struggles  by 
which  the  present  organization  of  the  Smithsonian  Institution 
was  brou^t  about,  will  be  found  in  the  successive  annual 
reports.  That  this  long  period  of  activity,  over  thirty  years, 
devoted  so  largely  to  work  almost  purely  administrative,  was  a 
severe  tax  upon  a  man  of  Professor  Henry's  great  productive 
power  and  ability  in  original  research  can  hardly  be  questioned 
On  the  other  hand,  it  rarely  falls  to  the  lot  of  any  man  of 
science  to  do  so  much  for  the  best  interests  of  the  entire  body 
of  scientific  workers,  or  to  succeed  so  well  in  securing  respect 
and  confidence  on  the  part  of  the  public  for  scientific  results 
and  methods.  This  is  conspicuous  in  many  ways  in  the  his- 
tory of  the  Smithsonian  Institution,  and  in  nothing  more  perhaps 
than  in  the  direction  which  has  been  given  to  the  numerous 
governmental  explorations  during  the  past  twenty  years,  under 
its  guidance. 

Professor  Henry  leaves  a  wife  and  three  unmarried  daughters, 
who  have  been  assiduous  helpers  in  the  scientific  work  of  their 
father,  making  good  to  a  degree  the  loss  of  an  only  son,  whose 
death  in  early  manhooil,  was  a  sad  disappointment  of  parental 
hopes  and  youthful  promise. 

Professor  Henry  was  buried  May  16th,  in  the  Bock  Creek 
Cemetery,  near  Georgetown,  D.  C.  The  President  of  the 
United  States,  the  cabinet  ofiicers,  diplomatic  corps  and  mem- 
bers of  Congress  and  of  the  National  Academy,  were  among 
the  mourners.  B.  8. 


Art.  LXXL — Letter  to  the  Editors  from  Db.  B.  A  Gould,  of 
the  Cordoba  Observatory,  dated  Cordoba,  March  20,  1878. 

I  HAVB  before  me  the  first  part  of  three  different  letters  to  you, 
which  I  have  begun  during  the  last  eighteen  months,  but  the 
ceaseless  pressure  of  labor  m  collecting  and  arranging  materials 
during  this  interval  has  left  little  opportunity  for  elaborating,  and 
none  for  communicating  them.  At  last  this  phase  of  the  work  is 
drawing  to  a  close,  and  the  objects  which  I  had  in  view  in  the  be- 
ginning may  be  regarded  as  essentially  fulfilled  so  far  as  observa- 
tions are  concerned.  The  part  wliich  remains  is  but  the  computa- 
tion and  publication  of  these  results,  and  is  going  forward  as 
rapidly  as  the  nature  of  the  case  permits. 
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The  climate  of  Cordoba,  which  during  the  first  years  of  my 
sojonm  was  peculiarly  favorable  for  astronomical  work,  has 
showed  itself  variable  to  a  remarkable  degree.  The  routine  of 
work  with  the  meridian  circle  goes  forward,  however  cloudy  the 
sky,  provided  even  a  small  part  of  the  stars  desired  can  be  seen 
through  the  haze  or  between  the  clouds,  and  very  often  the 
thunder  is  rolling  and  lightning  flashing  over  a  third  part  of  the 
sky  while  observations  are  making  on  the  meridian.  Yet  in  the 
last  year  no  observations  were  possible  on  more  than  half  the 
nights  in  March  and  April,  and  only  ten  nights  in  these  two 
months  could  be  regarded  as  clear.  In  June  and  July  the  case 
was  worse  yet,  for  there  were  but  seven  nights  which  were  clear, 
and  on  twenty-eight  not  a  star  could  be  descried  from  nightfall  till 
dawn.  This  year  the  weather  has  been  equally  unfavorable,  and 
daring  the  seventy-nine  days  already  elapsed,  there  has  been  but 
one  night  on  which  our  observations  have  not  been  to  some  extent 
prevented  or  interrupted  by  clouds.  The  contrast  between  such 
condition  of  the  weather,  and  that  which  prevailed  some  years  ago 
is  very  striking,  and  seems  to  point  to  some  periodic  fluctuation. 

I  am  all  the  more  disposed  to  believe  this,  since  arriving  at  the 
results  relative  to  the  periodicity  of  sundry  phenomena  which 
came  to  light  in  the  study  of  the  climate  of  Buenos  Aires,  as 
mentioned  m  my  annual  report  for  the  year  1 876.  The  volume 
containing  these  results,  being  the  first  of  the  Annals  of  the 
Meteorological  Office,  is  already  printed — the  only  one  yet  pub- 
lished of  either  the  astronomical  or  meteorological  series— and 
refers  to  the  city  of  Buenos  Aires  alone.  I  hope  it  may  soon  reach 
you ;  but  as  the  process  of  distribution  is  necessarily  slow,  and 
attended  here  witn  many  obstacles,  I  will  mention  some  of  the 
results  to  which  I  allude,  and  which  are  there  discussed  in  detail. 
In  the  first  place  the  difficulties  which  have  attended  previous 
attempts  to  determine  the  relation  between  the  mean  temperature 
and  the  number  of  sun-spots  have  been  found  to  disappear  when 
the  local  influences  which  aflect  the  temperature  are  removed.  I 
have  not  at  hand  the  means  of  knowing  what  these  influences  may 
be  in  other  places,  but  the  thermic  wind-rose  has  sufficed  for 
Buenos  Aires.  Determining  for  each  year  the  mean  direction  of 
the  wind,  and  deducting  its  effects  irom  the  mean  temperature  as 
observed  in  the  same  year,  there  results  a  curve  which  follows  that 
of  the  sun-spot  so  closely  as  scarcely  to  leave  anything  more  to  be 
desired.  I  have  only  used  the  mean  of  the  wind-roses  determined 
for  ten  days  each  in  spring,  summer,  autumn  and  winter ;  nor  has 
the  mean  velocity  of  the  wind  been  brought  into  the  computation. 
More  thorough  calculations  based  on  a  wind-rose  more  minutely  de- 
termined and  upon  the  consideration  of  the  total  amount  of  air  of  a 
different  temperature  flowing  in,  would  doubtless  increase  the  de- 
gree of  agreement ;  yet  the  discordance  between  the  mean  temper- 
ature observed,  and  that  which  results  from  the  empirical  calcula- 
tion does  not  amount  in  any  one  of  the  twenty  years,  1856-1875,  to 
so  much  as  might  fairly  be  attributed  to  errors  of  observation. 
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Thus  if  we  denote  by  r  the  relative  number  corresponding  to 
the  mean  amount  of  sun-npots,  the  normal  mean  temperature 
of  Buenos  Aires  in  centigrade  degrees  is  lY'^'SO  — 0°"0()727r,  so 
that  138  of  Wolfs  scale  correspond  approximately  to  1®  C.  in  the 
temperature.  Thus  afler  deducting  the  effect  of  the  wind,  I  find 
the  mean  temperatures,  as  observed,  to  have  been  16°*47  in  1870, 
and  17°'61  in  1875,  while  those  which  result  from  the  formula  are 
16°-63  and  l7°-49  respectively.  The  difference  0°-l6  for  the  first 
named  year  is  by  far  the  greatest  which  presents  itself  in  the 
whole  series,  the  next  largest  one  being  0^*10,  and  the  mean  dis- 
cordance only  O^^'OSe.  The  want  of  perfection  in  the  wind-rose, 
and  the  excessive  deflection  of  the  mean  direction  of  the  wind  in 
1870  afford  what  seems  to  me  a  sufficient  explanation  of  the  rela- 
tive largeness  of  the  residual. 

It  is  manifest  that  if  the  variations  of  the  terrestrial  tempera- 
ture follow  those  of  the  sun-spots,  and  are  thus  adequate  to 
account  for  the  correspondence  observed  between  these  and  the 
variations  of  the  magnetic  declination,  all  necessity  for  assuming 
any  direct  and  transcendental  connection  between  this  latter  and 
the  disturbance  of  the  solar  surface  disappears. 

It  is  a  source  of  regret  that  I  have  not  at  disposal  here  any 
series  of  mean  annual  temperatures  observed  in  Europe  or  North 
America,  accompanied  by  the  corresponding  mean  direction  of  the 
wind  ;  for  I  have  small  doubts  that  analogous  results  might  be 
deduced,  although  it  is  possible  that  other  local  disturbances  of 
the  temperature  niay  have  to  be  taken  into  account  beside  the 
effect  of  the  wind.  There  is  one  other  point  in  South  America  for 
which  the  investigation  may  be  made,  viz :  Bahia  Blanca,  just  to 
the  north  of  the  Fatagonian  coast,  and  this  I  intend  to  investigate 
as  soon  as  time  and  opportunity  permit. 

Tlie  mean  annual  direction  of  the  wind  varies  through  an  arc 
of  60°  during  the  twenty  years  mentioned,  having  been  70^  in 
1857,  77°  in  1870,  and  130°  m  1874  (these  angles  being  counted 
from  the  north  point  through  the  east).  The  accordance  between 
its  variations  and  those  of  the  spots,  which  Mr.  Main  has  found  in 
Oxford,  does  not  hold  in  Buenos  Aires,  but  the  study  of  the 
phenomenon  has  brought  to  light  the  existence  of  two  cycles  in 
the  numbers  which  represent  the  mean  annual  value  of  K  sin  ^ 
or  in  other  words  in  that  component  of  the  mean  annual  direction 
which  is  perpendicular  to  the  meridian.  Investigated  without  any 
assumption  or  hypothesis  whatsoever,  they  show  two  periodic 
terms  of  which  the  lengths  are  2*78  and  3*70  years.  These 
periods  are  respectively  the  quarter  and  the  third  part  of  ITU 
years,  the  mean  length  of  the  sun-spot  period,  and  their  existence 
opens  a  field  for  new  inquiry. 

Another  and  yet  more  marked  cycle  shows  itself  in  the 
frequency  of  the  storms,  which  are  so  well  known  and  charac- 
teristic of  the  La  Plata.  Whether  we  consider  the  annual  num- 
ber of  winds  of  force  five,  or  six,  or  seven  and  upwards,  or  the 
mean  aimual  force,  the  same  result  manifests  itself,  viz :  a  periodic 
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flactuation,  the  maximnm  having  been  early  in  1864,  the  minimum 
between  1871^  and  1876,  and  the  doration  between  eighteen  and 
twenty-three  years.  The  form  of  the  corresponding  curve  is  such 
that  it  varies  but  slightly  near  the  minimum,  and  the  period  is  so 
nearly  equal  to  that  comprised  in  the  series  of  observations,  that 
it  cannot  yet  be  fixed  with  accuracy.  But  I  am  inclined  to 
believe  it  will  be  found  not  to  differ  much  from  twenty-two  years, 
in  which  event  we  have  still  another  case  of  near  commensura- 
bility  with  the  mean  period  of  the  sun-spots. 

As  regards  the  astronomical  work  there  is  little  to  communicate 
M  yet.  The  Uranometry  is  not  yet  published,  and  I  am  fearful 
that  it  was  a  mistake  to  undertake  the  printing  in  this  country ; 
not  because  it  cannot  be  well  and  even  elegantly  accomplished, 
but  on  account  of  the  long  time  which  it  requires,  and  the  limited 
amount  of  type  available.  I  am  doing  all  that  seems  possible  to 
remedy  these  difficulties,  but  it  is  of  course  at  much  expense  of 
time  and  energy.  The  Atlas  is  completed  ;  the  numerous  techni- 
cal difficulties  m  the  way  of  a  satisfactory  reproduction  of  the 
drawings  having  been  obviated  by  the  skill  and  assiduity  of  the 
photolitho^rapher,  Mr.  Julius  Bien  of  New  York.  My  first 
assistant,  Mr.  John  M.  Thome,  to  whom  more  than  to  any  other  is 
due  what  accuracy  the  determinations  of  magnitude  may  possess, 
was  in  the  United  States  during  the  past  year,  and  personally 
attended  to  the  proofs.  He  returned  a  few  weeks  since,  bringing 
with  him  some  advanced  copies,  with  which  I  am  quite  satisfied. 

The  Atlas  consists  of  thirteen  charts,  on  the  scale  of  a  globe  of 
one  meter  radius,  and  contains  all  stars  to  the  7*0  magnitude  in- 
clasive,  within  a  radius  of  100°  around  the  South  Pole.  To  these 
is  added  a  fourteenth  as  a  sort  of  a  Index-Map,  to  show  the  limits 
of  the  individual  charts,  the  course  of  the  Milky  Way,  and  the 
general  distribution  of  the  stars.  This  map  of  course  comprises 
more  than  a  hemisphere,  and  is  proiected  on  a  scale  of  equal 
areas ;  the  distances  between  the  parallels  of  declination  decreas- 
ing as  those  between  the  meridians  of  right  ascension  increase. 
The  configurations  are  necessarily  distorted,  but  the  degree  of 
aggregation  of  the  stars  is  correctly  given. 

As  mentioned  in  former  letters  I  have  ventured  upon  rather  a 
bold  reformation  of  the  boundaries  of  the  constellations,  which  I 
earnestly  hope  may  find  approval  with  astronomers  generally. 
Wherever  possible,  meridians  and  parallels  (equinox  of  1875-0) 
have  been  employed  as  boundary  lines,  and  in  other  cases  great 
circles  so  far  as  might  well  be.  Yet  the  principle  has  been  sedu- 
lously followed  that  no  important  star,  and  none  habitually 
designated  by  a  Greek  letter,  should  be  transferred  to  a  different 
constellation.  By  a  slight  sacrifice  of  this  principle  the  symmetry 
of  the  adopted  boundaries  might  have  been  essentially  increased, 
yet  I  have  preferred  to  err  upon  what  seemed  the  safe  side. 

The  text  will  be  in  English  as  well  as  Spanish,  but  the  Latin 
names  of  the  constellations  have  been  preserved,  as  the  only  basis 
for  international  accordance  in  nomenclature. 
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Twice  during  the  last  year  the  normal  clock  of  the  observatory 
has  been  stopped  by  earthquake  waves,  although  the  tremors  seem 
to  have  been  felt  in  neither  instance  by  persons  in  this  vicinity. 
One  of  these  cases  was  at  the  time  of  the  great  earthquake  whidi 
destroyed  the  town  of  Iquique,  and  produced  so  much  destruc* 
tion  along  the  coast  of  Peru,  Bolivia  and  Northern  Chile.  The 
other  was  at  the  time  of  the  severe  shock  at  Mendosa.  The 
moments  at  Cordoba  were  of  course  very  accurately  given 
by  the  clock  itself,  and  accounts  carefully  obtained  from  the 
points  of  chief  disturbance  give  the  same  result  as  on  former 
occasions,  viz:  that  the  interval  of  time  between  the  manifesta- 
tions at  these  points  and  at  Cordoba  was  less  than  the  uncertainty 
of  the  watches.  This  you  may  remember  was  the  case  once  be- 
fore, when  the  shock  was  distinctly  felt  in  Cordoba,  although  the 
clock  was  not  stopped.  The  clock  of  the  telegraph-station  at 
Mendoza  had  been  regulated  from  this  observatory  only  a  day  or 
two  previous,  and  the  time  as  shown  by  the  dial  agreed  with  that 
of  my  watch  in  Cordoba.  Whether  the  tremors  traveled  over  the 
intervening  distances  or  not,  it  seems  at  least  demonstrated  that 
the  interval  between  their  arrival  at  the  two  places  is  less  than 
can  be  measured  without  special  preparation  and  precautions. 


SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1.  77i€  JSxpansion  of  the  Solid  Elements  a  Function  of  their 
Atomic  weight, — Since  all  gases,  under  similar  physical  conditions, 
contain  in  equal  volumes  the  same  number  of  molecules,  they 
must  all  have  the  same  coefficient  of  expansion,  because  this 
expansion  represents  simply  an  increase  in  the  energy  of  the  pro- 
gressive motion  of  the  molecules.  For  the  non-gaseous  elements, 
however,  no  such  simple  relation  has  been  hitherto  observed 
WiEBE  has  thrown  some  light  upon  the  subject,  by  studying  the 
expansion-coefficients  of  the  solid  elements  in  connection  with 
their  atomic  weights.  The  quotient  of  the  density  of  any  such 
element,  referred  to  water  as  unity,  divided  by  its  atomic  weight, 
gives  the  8i)ace  occupied  by  one  atom  of  that  element.  If  the 
ratio  of  this  value  to  the  coefficient  of  expansion  be  obtained, 
some  striking  relations  appear,  as  is  shown  in  tabular  form  for 
twenty-six  solid  elements.  In  the  first  column  the  symbols  are 
given,  in  the  second  tlie  density,  in  the  third  the  atomic  weight, 
in  the  fourth  the  expansion-coefficient  expressed  in  parts  in  a 
hundred  million  at  40  C,  and  in  the  fifth  the  ratio  of  this  to  the 
quotient  of  the  density  divided  by  the  atomic  weight  The 
numbers  in  the  fifth  column  then,  represent  the  absolute  expansion 
of  the  atoms,  or  the  coefficients  of  expansion  of  the  elements 
referred  to  their  atomic  volumes.  These  atomic  coefficients  often 
show  simple  relations  for  closely  allied  elements ;  thus  the  value  is 
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the  same  for  iron,  cobalt  and  nickel,  the  numbers  for  arsenic,  anti- 
mony and  bismnth  are  as  1:3:4,  those  for  zinc  and  cadmium  as  2 :  d, 
etc.  If  these  coefficients  be  regarded  from  the  stand  point  of 
Lothar  Meyer's  law  of  the  periodicity  of  the  properties  of  the  ele- 
ments, and  be  graphically  represented  as  a  function  of  the  atomic 
weight,  they  give  a  curve  similar  to  that  of  the  atomic  volume,  in 
which  members  of  natural  families  have  an  analogous  position. 
Hence  the  author  concludes  that  the  absolute  expansion  of  the 
atom  is  a  periodic  function  of  its  atomic  weight. — Ber.  BerL  Chem. 
Ges.,  xi,  610,  April,  1878.  o.  p.  b. 

2.  On  the  New  MetcU^  OaUium. — In  connection  with  Jung- 
FLBiscH,  LscoQ  DB  BoiSBAUDBAN,  the  discovcrer  of  gallium,  has 
worked  up  the  residues  obtained  from  4,300  kilograms  of  the 
Bensberg  zinc  blende,  to  obtain  more  of  the  new  metal.  The 
blende  was  first  pulverized  and  then  roasted,  the  product  treated 
with  sulphuric  acid  in  quantity  nearly  sufficient  to  dissolve  all  the 
zinc,  thus  leaving  a  residue  of  basic  sulphate  containing  the  gal- 
lium, the  residue  dissolved  in  sulphuric  acid,  the  iron  reduced  by 
zinc  and  the  solution  precipitated  fractionally  by  sodium  carbonate 
several  times,  the  spectroscope  being  usea  to  detect  the  metal. 
In  this  way,  the  gallium  became  concentrated  in  a  residue  weigh- 
ing 100  kilograms.  This  was  dissolved  in  sulphuric  acid,  purified 
with  hydrogen  sulphide,  and  treated  with  ammonium  acetate,  the 
H2S  being  continued.  The  zinc  sulphide  thus  precipitated,  carried 
down  the  gallium.  It  was  dissolved  in  sulphuric  acid,  fractionally 
precipitated  by  sodium  carbonate,  the  fractions  dissolved  in  the 
minimum  quantity  of  sulphuric  acid,  precipitated  by  H^S,  diluted 
with  water  and  boiled.  A  voluminous  basic  salt  of  gallium  came 
down  which  after  purification  was  dissolved  in  potassium  hydrate, 
and  the  metal  obtained  directly  from  the  solution  by  electrolysis, 
using  forty  Bunsen  cells  in  eight  parallel  series  of  five  each,  the 
DCffative  electrode  having  a  surface  of  fifteen  square  centimeters 
and  the  positive  of  450.  In  the  cold,  long  crystalline  metallic  fila- 
ments stood  out  from  the  electrode,  sometimes  three  centimeters  in 
length.  Above  30^,  the  metal  ran  in  drops  to  the  bottom  of  the 
electrode.  In  this  way  sixty-two  grams  of  crude  gallium  were 
obtained.  Taking  the  inevitable  loss  into  account,  the  blende  of 
Bensberg  contains  ^^l^xt  of  gallium  or  sixteen  milligrams  per  kilo- 
gram. Purified  by  straining  through  a  cloth,  agitating  with 
hydrochloric  acid,  and  recrystallizing,  it  was  obtained  as  a  hard, 
slightly  malleable  metal,  which  can  be  extended  under  the  ham- 
mer or  bent  rather  abruptly,  but  is  quite  brittle.  On  cooling  the 
fused  metal  to  10^  or  15  below  its  fusing  point,  and  introducing 
a  platinum  wire  having  a  bit  of  solid  gallium  on  one  end,  octahe- 
dral crystals  are  obtained,  their  summits  modified  by  the  basal 
planes.  Gallium  leaves  a  bluish  gray  mark  on  paper,  is  perma- 
nent in  the  air,  remains  brilliant  even  in  boiling  water,  but 
tarnishes  slightly  in  aerated  water.  In  fusion  it  is  white  like  tin 
or  silver,  but  becomes  blue-green  on  solidifying.  Chlorine  attacks 
it  readily,  evolving  much  heat  and  producing  a  well  crystallized, 
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reiy  fasible  and  Tolatile  chloridev  colorless  when  pore  mud  defi- 
qnescent.  Bromine  sets  less  powerfbllj,  giTing  nse  to  a  white 
bromide,  and  iodine  s  white  iodide,  both  of  which  resemble  the 
chloride.     The  atomic  weight  the  aothors  determined  to  be  69-9. 

Dmdky  hsTine  received  s  portion  of  the  metsl.  has  undertaken 
a  stadj  of  its  salts.  Heated  to  260^  in  pore  oxygen  it  ondergoes 
no  change.  At  a  doll  red,  it  begins  to  lose  its  luster  and  to  be 
covered  with  a  bloish  grav  peUicle.  At  a  bright  red,  this  pellicle 
is  thicker,  a  feeble  soblimate  bdng  formed.  Treated  with  strong 
nitric  acid  at  40"^  or  bO'%  h  dissolves ;  and  the  solution  heated  to 
110*,  loses  nitric  acid.  Kedissolyed  in  water,  evaporated  to  a 
STTupT  consistence,  and  placed  under  a  dessicator,  the  nitrate  is 
obtained  as  a  white  very  deliqaescent  mass,  which  may  be  dried 
in  a  current  of  hot  air  at  40*.  The  dry  nitrate  heated  to  200*  loses 
63*8  per  cent  in  weight,  thus  proving  it  to  be  a  nitrate  of  the 
sesqnioxide.  At  a  higher  temperature  the  nitrate  melts,  decom- 
poses, and  leaves  a  white  friable  mass,  gallium  sesquioxide. 
Ueaterl  to  redness  in  a  current  of  hydrogen,  it  partly  sublimes  and 
is  partly  reduced.  At  a  cherry  red,  the  mass  is  bluish  gray,  but 
contains  no  metal,  since  it  dissolves  in  nitric  and  in  sulphuric  acid 
with  no  evolution  of  gas.  Since  the  latter  solution  reduces 
permanganate,  it  is  probably  a  protoxide  salt ;  a  view  confirmed 
oy  the  tact  that  it  does  not  form  an  ammonium  alum  as  does  the 
sesquioxide  sulphate.  At  a  bright  red  heat,  hydrogen  reduces  s 
portion  of  the  oxide  to  the  metallic  state. —  C.  R.^  Ixxxvi,  475, 
677,  720,  756,  Feb.,  March,  1878.  G.  f.  a 

3.  On  Dimethylrethylene^  or  normal  Butylene. — ^The  amyl  alcohol 
of  commerce,  as  is  well  known,  is  a  mixture  in  variable  proportions 

P   H     )  »      r 

of  active  or  etbyl-methyl-ethyl  alcohol  ^j^*  >CH— HHaOH  and 

CH    i 

inactive  or  isopropyl-ethyl    alcohol  ^u*  > CH— CH^— CH,OR 

Dehydrated  by  zinc  chloride  in  the  ordinary  way,  it  furnishes  an 
amylene  consisting  of  four  different  bodies:  two  soluble  in 
sulphuric  acid  diluted  with  half  its  volume  of  water,  ethyl- 
methyl-ethylene  and  trimethyl-ethylene ;  and  two  insoluble  in  this 
liquid,  isopropyl-ethylene  and  normal  amylene.  In  order  to  avoid 
polymerization  in  the  preparation  of  amylene,  Etard  has  modi- 
fied the  ordinary  process  by  placing  the  zinc  chloride,  about  500 
grams,  in  a  spacious  metal  retort,  heating  it  in  a  gas  fdrnace  to  fall 
fusion  and  running  in  a  thin  stream  of  amyl  alcohol,  the  vapors 
being  condensed  in  a  long  worm.  The  amylene  was  about  one- 
third  of  the  entire  product,  boiled  between  35°  and  38°,  was  com- 
pletely absorbed  by  bromine,  and  with  the  exception  of  8  or  4  per 

cent,  consisted  of  isopropyl-ethylene  ^u »  v  CH—  CH=CHj,  pro- 
duced from  the  corresponding  alcohol.  The  associated  ethyl- 
methyl-ethyl  alcohol  as  well  as  the  admixed  propyl  and  butyl 
alcohols  came  over  unchanged.  But  small  quantities  of  polymen 
were  produced,  diamylene  only  being  isolated. 
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Wishing  to  try  this  method  with  butyl  alcohol,  in  order  to 
obtain  normal  batylene,  Lx  Bbl  and  Gbbbns  allowed  this  alcohol 
to  fall  drop  by  drop  upon  zinc  chloride  heated  to  fusion  in  a  mer- 
cury bottle,  the  products  being  collected  first  in  a  washing  appa- 
ratus consisting  of  a  fiask,  two  Pettenkofer's  tubes  and  a  Liebig 
condenser,  all  containing  diluted  sulphuric  acid  to  retain  the  iso- 
dlmethyl-ethylene,  and  then  passing  through  bromine.  From  a 
kilogram  and  a  half  of  butyl  alcohol,  nearly  a  kilogram  of  bromide 
was  obtained,  which  readily  separated  into  three  fractions,  boiling 
at  1450-152°,  152M54»  and  154°-160°,  the  latter  fraction  forming 
three-fifths  of  the  whole,  and  being  CHa-CHBr-CHBr-CHg, 
mixed  with  traces  of  CH,Br—CBr- (0113)2.  No  ethyl-vinyl 
was  formed  in  the  reaction.  Treated  with  sodium  the  reaction 
was  violent,  and  the  products  collected  in  hydriodic  acid  yielded 
pure  secondary  butyl  iodide,  CII, — CHI  — CIH---CH3,  thus  prov- 
uig  the  presence  of  normal  butylene  or  dimethyl-ethylene  in  the 
above  reaction  of  zinc  chloride  on  butyl  alcohol.  There  are  then 
two  normal  butylenes,  i.  e.,  those  in  which  the  carbon  atoms  are 
united  to  no  more  than  two  others;  one  of  these  is  ethyl- 
vinyl,  CHj— CHj— CHzirCH^  and  the  other  dimethyl-ethylene 
CH3  — CH=:CH— CH3.  Upon  the  hypothesis  that  in  uniting 
with  a  hydracid,  the  hydrogen  and  the  haloid  play  the  same  part 
as  the  hydrogen  in  the  saturated  molecule  and  hence  that  all  the 
hydrogen  atoms  attached  to  the  same  carbon  atom  have  the 
same  value,  both  these  bodies  should  yield  the  same  hydriodate, 
CHj-CHa^-CHI— CH3  ;  while  if  the  hydrogen  of  the  HI  has  a 
difiTerent  value,  the  two  hydriodic  compounds  will  be  isomeric. 
Preparing  carefully  the  two  bodies  they  were  found  to  be  identical 
in  properties,  both  boiling  at  118°-121  ,  and  both  yielding  a  buty- 
lene by  the  action  of  alcoholic  potash  which  gave  a  bromide  dis- 
tilling between  153°  and  160°.— (7.  i?.,  Ixxxvi,  488,  Feb. ;  BuU. 
80c  Ch.j  II,  xxix,  306,  April,  1878.  g.  p.  b. 

4.  Chemical  Composition  of  Oil  of  Tansy  and  Oil  of  Vaie- 
rian, — Bbutlants  has  submitted  to  proximate  analysis  the  oils 
of  tansy  and  of  valerian.  The  former  is  a  mobile  yellow  liquid, 
of  sp.  gr.  0'92.'5  at  15°,  begins  to  boil  at  192°  and  distils  mostly 
between  194°  and  207°,  the  thermometer  rising  finally  to  270°-280  , 
leaving  a  resinous  mass  about  a  tenth  of  the  whole.  Treated 
with  a  concentrated  solution  of  hydro-sodium  sulphite  and  then 
alcohol,  oily  drops  appear  which  become  crystalline  and  fall  to  the 
bottom.  'ITiey  are  pearly  plates  of  tanacetyl-sodium  sulphite, 
soluble  in  dilute  alcohol,  insoluble  in  benzene  and  ether.  Heated 
with  a  dilute  solution  of  sodium  carbonate,  the  organic  portion  is 
obtained  as  an  oil,  of  density  0*918  at  4°,  remaining  liquid  at  — 15° 
and  boiling  at  195°-196°.  Analysis  gave  the  formula  CjoH,eO, 
to  which  the  vapor  density  5*07  corresponds ;  it  is  thus  an  isomer 
of  laurel  camphor.  By  the  action  of  H,  the  tanacetyl  hydride 
gives  an  alcohol,  Cj^HjgO,  by  abstraction  of  H^O,  it  gives 
cymene  C,oH|4,  by  action  of  phosphoric  chloride,  tanacetene 
dichloride,  tanacetene  monochloride  and  C3rniene,  and  with  ammo- 
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nio-«ilver  nitrate  it  gi^es  the  mirror  characteristic  of  an  aldehyde. 
Oxidized  with  chromic  acid  it  gives  acetic  and  propionic  acids, 
with  nitric,  it  yields  camphoric  acid.  The  portion  of  the  oil  not 
acted  on  hy  the  sulphite  proved  to  he  an  alcohol  C|^H,,0,  with 
a  small  quantity  of  a  hydrocarhon  C,  ^H,  ^ .  Hence  tansy  oU  con- 
sists of  70  per  cent  of  an  aldehyd  Cg^Hf  ^O,  of  26  per  cent  of  an 
alcohol  C|oH|gO,  and  ot  I  percent  of  a  terpene  Ci^H,^.  Val- 
erian oil  proved  to  be  composed  of:  (1)  a  terpene  C|oH,^,  (2)  an 
alcohol  C|^H,gOy  (3)  bomeol  fonnate,  acetate  and  valerianate, 
C,,H,,.CHO„C,XtCiH,0„C  H,,C,H,0„and  (4)ethyl- 
bomeol  oxide,  C2H,.O.C,oH|, — Jier,  £erL  Vhem,  Ges^^  zi, 
449,  March,  1878.  G.  F.  & 

4.  Formation  of  Xanthin4ike  bodies  from  Albuminates  in 
PancrecLtic  Digestion, — SAix>MON  has  succeeded  by  the  action  of 
the  pancreatic  ferment  upon  pure  blood  fibrin,  in  preparing  hypo- 
xanthin  and  very  probably  also  xanthin  itself  The  former  has 
been  observed  only  as  a  product  of  putrefaction  hitherto. — Bet. 
JBerl.  Chem,  Ges,,  xi,  574,  April,  1878.  6.  f.  b. 

8.  The  present  Condition  of  Electrical  Meteorology. — Palxibbi, 
the  Director  of  the  observatory  upon  Vesuvius,  has  published  in 
the  Atti  della  R.  Accad.  di  Napoli,  VII,  p.  1-20,  1877,  a  resume 
of  his  observations  upon  the  electricity  of  the  air,  which  he  has 
conducted  during  the  past  twenty-seven  years.  He  also  gives  a 
description  of  the  apparatus  which  he  has  found  best  suited  to  his 
purpose.  The  electrometer  resembles,  at  first  sight,  that  of  Dell- 
man  ;  it  difiers,  however,  essentially  from  the  latter.  The  suspen- 
sion of  the  needle  is  bifilar  and  the  repulsion  between  the  fixed  arm 
and  the  needle  is  not  due  to  the  repulsion  of  two  bodies  charged 
by  conduction  to  the  same  amount,  but  is  the  result  of  induced 
charges.  The  needle  is  provided  with  a  horizontal  disc  which  is 
carefully  centered  over  a  vessel  of  which  it  is  apparently  the 
cover.  This  vessel  is  placed  in  communication  witn  the  testing 
conductor.  The  excursions  of  the  point  of  the  needle  are  read 
by  means  of  a  microscope.  The  chief  peculiarity  of  the  conductor 
consists  in  this,  that  it  ends  in  a  plate  twenty-seven  centimeters  in 
diameter,  and  the  connection  with  the  electrometer  is  broken  just 
as  the  conductor  reaches  the  limit  of  the  height  to  which  it  is 
raised,  which  is  about  1*5  meters. 

With  feeble  electrical  condition  the  first  swing  of  the  needle  is 
the  double  of  its  final  deflection.  With  large  differences  of 
potential  the  fall  of  deflection  is  less.  This  diminution  of  indica- 
tion gives  a  measure  of  the  electrical  disturbance.  The  deflec- 
tions are  compared  with  those  produced  by  the  poles  of  thirty 
CuZn  elements.  A  Bohnenberger's  electroscope  serves  as  an 
indicator  of  the  kind  of  electricity.  The  director  believes  that 
his  iustrument  is  preferable  to  Thomson's  self-registering  electn> 
meter.  The  observations  tend  to  show  that  the  electricity  of  the 
air  is  -[-,  and  that  a  negative  state  of  the  electricity  of  the  air  is 
due  to  some  local  disturbance.  The  strength  of  the  -f-  electricity 
of  the  air  increases  with  the  relative  moisture  of  the  stratum  of 
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air  over  the  apparatas.  Simaltaneons  observations  upon  the 
oboervatory  of  the  University  and  at  the  Capodimonte  in  Naples, 
also  at  the  observatory  upon  Vesuvius.  More  distant  observa- 
tions upon  the  little  St.  Bernard  and  in  Moncalieri  have  impressed 
the  author  with  the  belief  that  with  dry  clear  air,  in  which  the 
distribution  of  +  electricity  is  regular,  the  strength  of  the  influ- 
ence diminishes  with  increasing  neight. — BeibldUer  Physik  und 
Chemie^  vol.  ii,  no.  8,  p.  1 55.  j.  x. 

10.  Floating  MagneU. — Nature,  for  May  2,  contains  a  paper 
bv  Sir  William  Thomson^  in  which  he  observes  that  Proiessor 
Mayer's  ^*  beautiful  experiment  [this  volume,  p.  2701,  brings  us 
very  near  an  experimental  solution  of  a  problem  which  has  for 
years  been  before  me  unsolved,— of  vital  im{>ortance  in  the  theory 
of  vortex  atoms;"  and  also  that  the  experiment  had  interested 
him  particularly^  ^*  because  the  mode  of  experimenting,  with  a  slight 
modification,  gives  a  perfect  mechanical  illustration  (easily  real- 
ized with  satis&ctorv  enough  approximations)  of  the  kinetic  equi* 
librium  of  groups  of  columnar  vortices  revolving  in  circles  round 
their  common  center  of  gravity,  which  formed  the  subject  of  a 
communication  which  I  had  made  to  the  Royal  Society  of  Edin- 
burgh, on  the  previous  Monday'' — that  preceding  the  repubUcar 
tionof  Professor  Ma ver's  article  in  Nature — a  point  which  the 
paper  ffoes  on  to  explain  and  illustrate. 

11.  Ifote  an  Floating  Magnets;  bv  Professor  A.  M.  Maysb. 
^^m  a  letter  to  the  Editors,  dated  south  Orange,  New  Jersey, 
May  21, 1878.) — ^I  was  much  gratified  to  know  that  my  experi- 
ments have  proved  of  so  much  use  to  Sir  William  Thomson. 
When  I  received  that  number  of  Nature  containing  Professor 
Thomson's  article  on  the  floating  magnets,  I  was  engaged  in 
writing  a  communication  to  him,  giving  him  a  concise  statement 
of  the  morphological  laws  ruling  the  configuration  of  the  floating 
magnets,  with  other  new  points  of  interest.  These  laws  I  dis- 
covered a  week  or  two  after  I  sent  you  the  short  note  about  these 
experiments,  published  on  page  276.  These  laws  are  as  follows : 
the  configurations  of  the  noating  magnets  are  divided  into  prim- 
ary, secondary,  tertiary,  quaternary,  etc.,  classes,  and  the  con- 
fijzurations  of  one  class  form  the  ntidei  to  the  succeeding  ones^ 
l%e  following  are  the  primary  configurations : 

2  3  4  5a 
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Ax.  Joua.  Sol— Thibd  Snns,  Vox*.  XV,  No.  90.— Jmn,  1878. 
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The  eoofigorttion  found  of  9  magnetB  b^;nis  the  secondaries ; 
and  this  oonfignntion  hsc  2  for  its  nncleiia.  The  secoodarics 
have  for  nucltk  the  iiabU  primaries,  L  t^  confignratioDS  namheied 
2,  9,  4,  5a,  te,  7  and  8^.  The  terdaries  hare  the  secondaries  f^r 
DQclei ;  the  qoatemaries,  the  tertiaries,  etc 

If  the  configontion  he  made  with  the  soperposed  magnet  at  a 
constant  Tertical  distance,  it  wfll  he  foond  that  when  the  same 
nnmber  of  floating  magnets  form  different  oonfignratioiis,  that 
these  different  forms  always  have  diflerent  dtnmtie^  jnst  as  in  the 
phenomena  of  allot  ropj,  isomerism,  etc.  In  confignratkNis  formed 
of  the  same  number  of  needles  the  densities  are  neoessarilj  io- 
Terselj  ss  the  areas.  These  experiments  beantifiiny  iUnstrate  this, 
that  Afferent  crystalline  forms,  of  the  same  i^emical  eompoeitioii, 
depend  on  the  diflerent  directions  of  molecular  forces,  which  in 
all  the  forms  maj  hare  the  same  intensity. 

XL  Geology  a^^d  Minsraloot. 

1.  Stmplement  to  the  Second  Edition  of  Acadian  Crtology  ;  bj 
J.  W.  Dawson,  LL.D.,  F.R.S.  102  pp.* — ^This  poblication  con- 
tains the  new  matter  added  to  the  third  edition  of  '^ Acadian 
Geology,''  just  issued  ;  and  which  is  published  separately  in  thtt 
form  for  the  benefit  of  those  who  already  possess  the  second  edi- 
tion. It  reviews  the  new  facts  which  have  been  discoyered  in  Uie 
Maritime  Provinces  of  the  Dominion  of  Canada  since  1868.     Be- 

f  inning  with  the  later  deposits,  the  author  endeavors  to  yindicate 
y  new  facts  his  former  conclusion  that  the  cold  of  the  Glacial 
period  was  not  connected  with  a  continental  glacier,  but  with 
focal  elaciers  on  the  higher  lands  and  ice-drift  by  Arctic  corrents 
over  the  plains,  then  submerged.  He  subdivides  the  Poet-plioceoe 
deposits  as  follows,  in  ascending  order : 

(a\  Peaty  terrestrial  surfiEice  anterior  to  bowlder  clay. 

(b.)  Lower  stratified  gravels  and  sands. 

(c.)  Bowlder  clay  and  unst ratified  sands  with  bowlders.     Fauna, 

when  present,  extremely  Arctic. 
(d.)  Lower  L^da  clay,  with  a  limited  number  of  highly  Arctic  shells, 

such  as  are  now  found  only  in  permanently  ice-laden  seaa 
(e.)  Upper  Leda  clay  and  sand,  or  Uddevalla  beds,  holding  many 

sub-Arctic  or  boreal  shells  similar  to  those  of  the  Labrador 

coast  at  present. 
(f.)  Saxicava  sand  and  gravel,  either  non-fossiliferous  or  with  a 

few  littoral  shells,  of  boreal  or  Acadian  types. 

After  some  notice  of  the  Trias,  extensively  developed  in  Prince 
Edward  Island,  where  it  has  afforded  the  remains  of  one  Dinosan- 
rian  Reptile  and  several  land  plants,  and  which  in  Western  Nova 
Scotia  is  so  remarkable  for  its  great  trappean  beds,  a  large  qMioe 
is  devoted  to  the  Carboniferous,  and  more  especially  to  the  recog- 
nition of  an  Upper  "  Permo-carboniferous  "  or  perhaps  truly  Vet- 

♦  New  York :  Van  Nostrand.     We  are  indebted  for  this  notice  to  Dr.  Dawson, 
thD  author  of  the  work. 
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mian  member,  consisting  principally  of  red  sandstones,  and  hold- 
ing a  somewhat  peculiar  nora  asin  to  that  of  the  Lower  Permian 
of  Europe.  Details  and  illastrations  are  also  given  of  new  species 
of  Batrachians,  Fishes,  Insects,  and  Crustaceans,  recently  discov- 
ered, and  an  analysis  and  comparison  with  other  countries,  is 
made  of  the  remarkable  development  of  the  Lower  Carboniferous 
series  of  Nova  Scotia  and  New  Brunswick. 

After  a  short  notice  of  the  Devonian,  which,  in  the  region  re- 
ferred to,  is  chiefly  remarkable  for  its  rich  flora,  in  the  main  dis- 
tinct from  that  of^the  Lower  Carbomiferous,  and  now  numbering 
125  described  species,  the  author  proceeds  to  discuss  the  difficul- 
ties attending  tne  study  of  the  Silurian  and  Cambrian  formations, 
in  a  region  where  they  are  much  disturbed  and  altered,  and  asso- 
ciated with  imeous  beds  of  very  varied  character.  On  this  sub- 
ject he  remarks : 

^^In  the  Acadian  Provinces,  as  in  some  other  parts  of  Eastern 
America,  the  great  igneous  outbursts,  evidenced  by  the  masses 
and  dykes  of  granite  which  cut  the  Lower  Devonian  rocks,  make 
a  strong  line  of  distinction  between  the  later  and  older  Paleozoic. 
While  the  Carboniferous  series  is  unaltered,  except  very  locally, 
and  comparatively  little  disturbed,  and  confined  to  the  lower 
levels,  the  Upper  Silurian,  and  all  older  series,  have  been  folded 
and  disturbed  and  profoundly  altered,  and  constitute  the  hilly  and 
broken  parts  of  the  country.  Further,  in  the  Upper  Silurian  and 
the  older  periods,  there  seems  to  have  been  a  constant  mixture 
with  the  aqueous  sediments  in  process  of  deposition  of  both  acidic 
and  basic  volcanic  matter,  in  tne  form  of  ashes  and  fragments,  as 
well  as  probably  outflows  of  trachytic  and  dioritic  rock,  so  that  all 
these  older  formations  are  characterized  by  the  presence  of  felsite 
and  porphyry  and  petro-siliceous  breccia,  and  of  diorite.  Further, 
since  these  volcanic  and  tufaceous  rocks,  owing  to  their  composi- 
tion, are  much  more  liable  to  be  rendered  crystalline  by  meta- 
morphism  than  the  ordinary  aqueous  sediments  from  which  the 
bases  have  been  leached  out  by  water,  and  since  they  are  usually 
DOt  fossiliferous,  the  appearance  is  presented  of  crystalline  non- 
fossiliferous  rocks  alternating  with  others  holding  abundant 
organic  remains,  and  comparatively  unaltered.  The  volcanic 
members  of  these  series  are  also  often  very  irregular  in  dis- 
tribution, and  there  is  little  to  distinguish  them  from  each  other, 
even  when  their  ages  may  be  very  different.  These  circum- 
stances oppose  manv  difficulties  to  the  classification  of  all  the  pre- 
Devonian  rocks  of  Nova  Scotia  and  New  Brunswick,  difficulties  as 
yet  very  imperfectly  overcome.'' 

In  New  Brunswick  and  in  Eastern  Maine,  it  appears  that  the 
fossiliferous  Upper  Silurian  rocks  are  capped  by  felsites,  chloritic 
schists  and  agglomerates  of  great  thickness,  and  having  an  aspect 
not  unlike  that  of  the  older  Huronian,  while  in  Eastern  Nova 
Scotia  similar  rocks  appear  locally  at  the  base  of  the  Upper 
Silurian.  Again,  all  the  middle  part  of  the  Lower  Silurian  period 
seems  to  have  been  characterized  by  the  deposition  of  similar  vol- 
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caDic  rocks,  conBtitnting,  with  a  series  of  OTerlying  metalliferous 
slates,  the  ^  Cobequid  group  ^  of  the  author,  and  resembling  much 
more  the  Skiddaw  and  Borrowdale  formations  of  the  English 
geologists,  than  the  contemporaneoos  Lower  Silorian  groups  of 
mland  America.  There  are,  however,  undoubted  points  of  resem- 
blance between  these  peculiar  Silurian  rocks  of  the  Acadian 
Provinces  and  those  of  New  England,  and  they  constitute  a  re- 
markable instance  of  the  difference  that  may  obtain  in  contem- 
poraneous deposits  belon^g  to  areas  of  quiet  aqueous  sedimenta- 
tion and  of  i^eous  activity.  They  show  very  clearly  how  unsafe 
it  may  be,  without  proper  caution,  to  apply  the  geological  types 
of  one  area  to  those  of  another. 

Below  these  peculiar  Silurian  rocks,  are  thick  deposits  of  Cam- 
brian age,  on  the  whole  less  modified  by  contemporaneous  igneous 
action,  and  in  some  places  richly  fossiliferous.  In  Ciipe  firelon 
there  have  recently  been  recognised  fossils  indicating  an  P[pP^ 
Cambrian  horizon,  resembling  that  of  the  Bnglish  lingula  FuigiiL 
Below  this  is  the  Acadian  series,  so  rich  in  Conoearypke^  Avu- 
daxides  and  other  forms  of  the  Menevian  type,  etage  C  of 
Barrande.  Still  lower,  according  to  the  author,  are  the  quartates 
and  slates  constituting  the  gold-bearing  series  of  the  Adantic 
coast  of  Nova  Scotia.  These  have  recently  afforded  some  pecu- 
liar fossils,  and  appear  to  be  a  veritable  equivalent  of  the  European 
Longmynd  and  Eophyton  sandstones.    DOme  portions  of  this  last 

group,  associated  with  great  masses  and  dykes  of  intrusive  granite, 
ave  assumed  the  condition  of  gneisses  and  mica  schists,  with 
chiastolite  and  andalusite.  Since  the  publication  of  the  second 
edition  of  Acadian  Geology,  attempts  have  been  made  to  rel^r^ie 
them  to  the  Laurentian  and  Huronian  ages,  but  good  reasons  are 
shown  for  the  conclusion  that  they  are  merely  metamorphosed 
members  of  the  Lower  Cambrian.  There  are,  however,  in  New 
Brunswick,  and,  probably,  also  in  Cape  Breton  and  at  the  western 
extremity  of  Nova  Scotia,  true  Huronian  rocks,  constitutiiig  an 
upper  and  lower  series,  and  also  true  Laurentian,  more  especially 
in  Southern  New  Brunswick  and  Northern  Cape  Breton.  Details 
on  these  points,  and  references  to  the  field  geologists  who  have 
been  worldng  them  out,  will  be  found  in  the  publication  itaelC 

2.  Recherches  expirimentaha  8ur  les  castureB  g[tn  trav^neni 
Pecorce  terrestrej  particuli^rement  ceUea  qui  bohU  conntteM  pour  hi 
noma  de  joints  et  defaiUespar  M.  Daubr&b.  (Comptee  Hendus, 
Ixxxvi,  1878). — M.  Daubr^,  whose  experiments  relative  to  meteo^ 
ites  were  referred  to  in  a  recent  number  of  this  Journal  (toL  xiv, 
p.  510)  has  completed  another  series  of  experiments,  having  as 
their  object  the  exj^anation  of  the  occurrence  in  rock-masses  of 
joints  and  faults.  The  method  employed  was  as  foUowa :  a  plate 
of  the  substance  to  be  examined,  in  the  form  of  an  elongated 
rectangle,  was  held  at  one  end  in  a  vice,  and  by  the  other  extremity 
was  subjected  to  a  torsion  or  strain  about  a  horiaontal  axis  finally 
producing  fracture.  The  extreme  angle  of  torsion  was  20°. 
The  best  results  were  obtained  when  a  plate  of  ice,  80  to  90  en. 
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long,  85  to  ISO  mm.  wide,  and  7  mm.  thick,  vaa  employed,  it 
b^g  enveloped  in  paper  so  as  to  presene  the  position  of  the 
fri^^menta.  The  moit  importaat  results  were :  the  fonnatioD  of 
finnrefl  whose  traces  on  the  outer  Burfaces  of  the  plate  were 
wproximately  parallel ;  there  were  often  two  cot^uffote  eeries  of 
tnese  flesures,  vrossing  one  another  at  an  angle  varying  from  90" 
to  70^,  or  less,  and  thus  forming  a  net-like  eor&ce;  m  addition  to 
tJie  fissore-snrfacee,  there  were  alsD  a  amatl  nnmlier  of  other  planes 
of  complete  Beparation  or  fraotnre ;  and  finally  a  series  of  fine 
straight  Unes,  like  the  marki  of  an  engraver,  were  observed  on  the 
anrttoes.  They  were  parallel  to  the  fissures  and  often  more  regu- 
lar than  they ;  they  indicated  the  existence  of  a  distinct  cleavage 
whose  presence  could  be  proved  bv  a  sudden  shock.  The  cut 
represents  a  plate  wbicb  has  been  subjected  to  the  torsion. 


The  above  reenlta  obtained  by  the  torsion  or  twisting  of  n  plate 
of  ice  are  shown  by  M.  Daubrle  to  be  closely  analogous  to  the 
phenomena  of  fanlts  and  joints  observed  in  rock-masses.  There  is 
the  same  approximate  parallelism  among  them ;  and  this  is  true 
not  only  of  faults  upon  a  grand  scale  bnt  also  of  secondary  fanlts, 
and  minor  joints  proving  them  all  to  have  had  a  similar  origin. 
Moreover  it  is  very  common  to  observe  more  than  one  aeries  of 
these  parallel  fractures,  analogous  to  the  two  conjugate  series  of 
artificial  fissures  mentioned  above ;  and  though  a  real  difference 
of  age  often  exists  between  them  it  must  be  in  many  cases  true 
that  they  have  been  produced  at  the  same  time.  The  arti- 
fimal  planes  of  cleavage  described  have  a  parallel  in  the  natural 
cleavage  observed  in  many  rocks,  as  for  example  that  which  gives 
rise  to  Bo-oalled  grain  in  granile.  In  short,  there  appears  to  be  a 
close  rimilarity  ^tween  the  fractures  of  different  kinds  observed 
in  rooks,  and  those  produced  artificially  in  these  plates  as  the 
result  of  torsion.  From  this  resemblance  in  effects  M.  Daubree 
argnea  an  analogy  in  the  causes  that  have  produced  them.  And 
be  coaelades  that  among  the  different  kinds  of  mechanical  actions, 
lateral  cmshings  and  so  on,  to  which  the  crust  of  the  earth  has 
been  submitted,  torsion  is  one  which  has  played  a  prominent 
part  in  connection  with  the  production  of  fanlts  and  Joints. 

8.  NiOiee  of  a  fourth  new  Photphate  from  Fairfield  Co., 
CoruMctieut;  by  Okueox  J.  Bbttsh  and  Edward  S.  Dana. — In  our 
further  exploration  of  tfae  locality  mentioned  as  affording  the  three 
new  phosphates  described  in  the  last  number  of  this  Journal,  we 
have  found  a  fonrth  new  species  belonging  to  the  same  gronp. 
The  mineral  is  salmon-colored  and  proved  on  examination  to  lie  a 
phosphate  analogous  to  triphylite  in  composition.      It  occnrs 
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immediately  associated  with  spodmnene  and  albite  and  a  mineral 
resembling  Sbepard's  cymatolite.  It  has  generally  a  bright 
salmon  color  and  a  sub-resinons  luster.  Hardness  =:4.  Specific 
gravity  =3*424.  B.B.  fuses  at  1  to  1*5  coloring  the  flame  oright 
Uthia  red,  with  streaks  of  green,  and  reacts  with  the  flaxes  for  iron 
and  manganese.  Analysis  by  Horace  L.  Wells  proves  it  to  be  a 
phosphate  of  manganese  and  lithia  with  about  lour  per  cent  of 
iron,  giving  the  formula  LiMnPO^  or  Li,PO^-|-Mn,F,Og.  We 
propose  to  name  this  new  mineral  LUkiolUe,  A  full  description 
with  analyses  will  be  given  in  an  early  number  of  this  JoumaL 

4.  Mineralogische  MUtheilungen  (Neue  Folge);  von  G.  vom 
Ratel  (From  the  Zeitschrift  fOr  Krystallographie,  i,  6,  1877.) — 
Prof,  vom  Rath  describes : — a  remarkable  compound  crystal  of 
boumonite,  consisting  of  four  individuals,  but  not  a  true  twin ; 
also  some  new  forms  upon  calcite  crystals  of  Bei^en  Hill,  New 
Jersey;  and  crystals  of  a  new  mineral,  Krennente.  This  last 
mineral,  a  tellunde  of  gold,  was  first  described  by  Krenner  under 
the  name  of  ^  Bunsenin ;''  as  this  name  has  already  been  used  for 
another  species,  vom  Rath,  who  describes  the  crystalline  form, 
proposes  the  name  Erennerite  after  the  discoverer.  s.  a.  d. 

5.  I}a8  Erdbeben  von  Herzogeiiraih  am  24  Juni^  1877:  Mne 
seismologische  Stxidie  von  Dr.  A.  von  Lasaulx.  77  pp.  8vo.  Bonn, 
1878,  (Emil  Strauss).  The  monograph  of  Prof  Lasaulx  upon  the 
earthquake  of  October  22,  1 873,  at  Herzogenrath,  near  Aachen, 
was  noticed  in  this  Journal  in  Nov.,  1 874,  at  p.  392.  The  earthquake 
which  took  place  on  the  24th  of  June,  1877,  in  this  locality,  had 
in  its  phenomena  much  similarity  with  the  former  one,  and  it  has 
been  investigated  in  the  same  careful  and  systematic  manner.  As 
the  results  of  the  investigation  it  is  concluded  that  the  point  from 
which  the  shock  went  forth  was  at  a  depth  of  16*85  English  miles, 
and  that  the  velocity  of  propagation  was  17*7  miles  per  minute, 
the  general  direction  being  southwest  and  northeast.  The  occur- 
rence of  the  earthquake  is  regarded  as  more  or  less  intimatelv 
connected  with  the  great  mountain-fissure — the^Feldbiss,"  which 
crosses  the  coal  formation  of  the  region  of  the  Wurm  in  a  direction 
nearly  normal  to  its  strike.  s.  s.  d. 

6.  Die  Mineralogie  von  Franz  von  Kobell.  5th  edition, 
262  pp.  8vo.  Leipzig,  1878.  (Friedrich  Brandstetter.) — The  Min- 
eralogy of  von  Kobell  is  now  too  well  known  to  need  commenda- 
tion here.  In  the  present  edition  the  article  upon  the  chemical 
constitution  of  minerals  has  been  altered  to  some  extent  with  refer- 
ence to  the  now  accepted  chemical  principles. 

III.  Botany  and  Zoology. 

1.  Early  Introduction  and  Spread  of  the  Barberry  in  JSaHern 
New  England. — On  the  10th  of  June,  1764,  the  Province  of 
Massachusetts  passed  ^'An  Act  to  prevent  damage  to  English  grain, 
arising  from  Barberry-bushes,"  with  the  preamble:  "  Whereas 
it  has  been  found,  by  experience,  that  the  olasting  of  wheat  and 
other  English  grain,  is  often  occasioned  by  barberry-bushes,  to 


Botany  and  Zoology.  48S 

the  great  loss  and  damage  of  the  inhabitants  of  this  province ;  be 
it  therefore  enacted,''  etc. 

It  is  remarkable  that  this  shrub,  which  is  naturalized  only  along 
the  sea-board  of  New  England,  mainly  in  Massachusetts,  and 
which  has  up  to  this  time  failed  to  spread  anywhere  in  the  inte- 
rior, should  nave  so  multiplied  in  Massachusetts  during  the  first 
huodred  years  as  to  have  made  this  trouble  or  obtained  this  evil 
reputation.  An  apparent  justification  of  this  ill  odor  of  the  Bar- 
berry (among  the  agriculturists  we  mean)  will  be  found  in  this 
Journal,  vol.  xlix  of  the  second  series,  1870,  p.  406.  Mr.  Goodell 
of  Salem,  the  editor  of  these  old  Province  Laws,  who  called  our 
attention  to  this  Act,  writes : 

"The  barberry  had, evidently,  been  widely  and  abundantly  j)rop- 
agated  in  the  older  settlements,  during  the  century  or  century 
and  a  quarter  of  their  existence ;  and  it  is  reasonable  to  suppose 
that  attempts  to  exterminate  the  bushes  were  not  limited  to  the 
period  of  this  act's  continuance.  When  the  cultivation  of  wheat, 
particularly,  declin€*d,  the  farmers,  probably,  relaxed  their  efforts 
against  the  barberry,  and  hence  may  we  not  account  for  its  pres- 
ent comparative  abundance  in  the  vicinity  of  the  older  towns, 
which  were  near  the  seaboard?  I  remember,  when  a  boy,  of 
seeing  a  single  barberry-bush  in  Athol,  Mass.,  transplanted  from 
somewhere  in  the  eastern  counties.  It  was  there  considered  a 
remarkable  curiosity ;  bat  I  remember  that  I  wondered  why  the 
barberry  should  not  have  traveled  as  far  west  long  before,  seeing 
that  the  pioneers  of  that  region  were,  largely,  from  Essex  and 
eastern  Middlesex,  and  that  the  bush  appeared  as  thrifty  as  any  I 
had  ever  seen  in  Essex  County.  The  preamble  of  this  act,  per- 
haps, explains  the  mystery  ;  for  there  is  no  reason  to  doubt  that 
the  ^experience'  of  the  farmers  therein  mentioned  was  neither 
recent  nor  confined  to  a  few,  in  1 754,  when  the  Legislature,  repre- 
senting a  large  number  of  country  towns,  deemed  it  necessary  to 
take  such  vigorous  measures  for  extirpating  the  barberry." 

It  has  been  suggested  that  the  baroerry  never  really  damaged 
the  grain-crops  of  r^ew  England,  at  least  to  any  notable  extent ; 
but  that  the  settlers,  bringing  with  them  from  England  the  popu- 
lar fear  of  it,  legislated  upon  that  But  if  so,  we  have  a  curious 
illustration  of  the  precarious  nature  of  testimony.  For  in  Europe, 
this  colonial  legislation  has  passed  into  historv  as  independent 
evidence  that  the  barberry  dia  damage  grain  in  '^N'ew  England. 

A,  G, 

2.  Ibms  of  North  America;  by  Prof.  D.  C.  Eaton,  Parts  IV 
and  V,  issued  together,  bring  up  the  letter-press  to  p.  113,  and 
the  illustrations  to  plate  15.  All  but  two  of  these  plates  carry  a 
couple  of  species,  and  the  letter-press  grows  more  copious. 
Aspidium  Nevadense  well  fills  a  plate,  and  is  capitally  managed ; 
it  is  a  new  species  of  the  Sierra  Nevada,  the  joint  discovery  of 
Mrs.  Austin  and  Mrs.  Pulsifer  Ames,  whose  names  are  thoroughly 
identified  with  California  botany.  PelicBa  densa^  of  Oregon  and 
Califoniia  (which  does  well  in  cultivation),  and  P.  pulcheUa^  a 
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species  which  extends  from  Pern  to  Western  Texas,  make  a  good 
plate.  The  suppoBed  raphides  of  the  upper  sarface  of  the  former 
may  be  cystoliths.  CneilanthoB  vi^ciaa  of  Davenport,  a  new 
species  of  Mr.  Lemmon's  discoTerj,  and  C,  Clevdandii  of  Eaton, 
discovered  by  D.  Cleveland  of  San  Diego,  form  the  best  plate  of 
this  issue,  except  perhaps  that  ofA^ndium  unUumy  yar.  glahrum^ 
which  turns  up  in  Flonda.  Anemia  Meneana  and  A.  cidianHfth 
lia  are  well  given.  A9f>lenium  RtUa-miurcaria  is  fairly  well  done, 
and  A.  sejrftenirionale  makes  little  show  at  best;  and  what  serves 
for  analysis  of  both  is  wretched.  a.  g. 

4.  IHctionnaire  de  BoUtnique;  par  M.  H.  BailIjON.  Paris. 
(Hachett  &  Co.). — This  work  has  proceeded  to  the  eighth  fascicle, 
to  p.  640,  and  to  near  the  end  oi  Ca.  The  affluence  of  illustra- 
tion continues.  a.  g. 

5.  Yabgas  constderado  como  Botanieo^  etc.,  por  A.  Ernst. 
Car&cas,  Dec.,  1877.  4to. — ^This  is  a  memorial  discourse  upon 
Dr.  Vargas,  pronounced  before  the  Venezuela  Society  of  the 
Physical  and  Vatnral  Sciences,  upon  the  occasion  of  the  transla- 
tion of  his  remains  to  the  National  Pantheon.  To  this  is  added 
the  correspondence  of  Vargas  with  De  CandoUe  and  his  friend 
Hercier ;  a  list  of  the  plants  mentioned  in  the  Prodromus  as  com- 
ing from  Vargas ;  and,  finally,  the  Candollean  genus  dedicated  to 
Vargas  having  been  suppressed  by  the  present  writer,  a  new 

fenus,    Vargaaiay    of    TemstrcBmiacecB^    near   Marcgraria   and 
luysehia^  is  proposed  and  characterized  by  Dr.  Ernst,  and  two 
species  described.  a.  g. 

Db.  Thomas  Thomson,  the  school-mate  and  associate,  in  travel 
and  publication  on  Indian  Botanv,  of  Sir  Joseph  Hooker,  son  of 
the  distinguished  chemist  and  processor  at  Glasgow  half  a  century 
ago,  died  at  London,  April  18th,  after  a  lon^  illness.  The 
Gardener's  Chronicle  of  April  27,  gives  an  appreciative  biograph- 
ical notice. 


A«  G. 


IV.  Astronomy. 


1.  Trarmt  of  Mercury. — ^The  transit  of  Mercury  was  observed 
at  New  Haven  on  the  6th  of  May  by  Messrs.  J.  J.  Skinner,  W. 
F.  Beebe  and  H.  A.  Hazen.  The  following  are  the  results  of  the 
observations  in  Washington  mean  time ;  the  phases  being  those 
described  in  the  Washington  instructions.  Clouds  prevented 
observations  at  some  of  the  contacts. 
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y.  Miscellaneous  Scientific  Intelligence. 

1.  Hie  Intemaiional  Geological  Congreee, — ^llie  time  for  the 
opening  of  this  Congress  in  Paris  is  now  finally  fixed,  by  the  local 
committee,  for  the  29th  of  August,  and  the  Congress  will  remain 
in  session  about  a  fortnight  Further  details  as  to  organization 
and  place  of  meeting  will  soon  be  made  public.  Meanwhile,  it  is 
announced  that  from  the  20th  of  August  to  the  15th  of  September, 
the  library  and  reading-rooms  of  the  Geological  Society  of  France, 
Na  7  rue  des  Grands- Augustins,  Paris,  will  be  at  the  service  of 
members  of  the  Congress.  As  before,  it  is  requested  that  all  those 
who  desire  to  take  part  therein  will  make  it  known  to  the  General 
Secretary,  Dr.  Ed.  Jannetaz,  at  the  above  address,  where,  also,  the 
subscription  of  twelve  francs,  required  for  each  member,  may  be 
sent  to  Dr.  Bioche,  treasurer.    Ladies  are  admitted  to  the  Congress. 

The  local  committee  add  to  the  above  announcement  as  follows : 
There  is  reason  to  believe  that  the  numerous  collections  of  geology 
and  paleontology  (minerals,  rocks,  fossils,  maps,  plans,  sections, 
models  in  relief  etc.)  to  be  found  in  the  Eospoeition  UniveraeUe^ 
will  realize  the  expectations,  expressed  in  the  circular  of  the  Inter- 
national Committee,  of  an  International  Geological  Exhibition. 
All  exhibitors  of  such  collections  are  requested  to  send,  as  above, 
such  lists  as  will  enable  the  secretary-general,  Dr.  Jannetaz,  to 
prepare  a  special  catalogue  of  them  for  the  use  of  the  Congress. 

T.  Stbrbt  Hunt,  Secretary  of  (he  Intemaiional  Committee. 

2.  Session  of  the  National  Academy  of  Sciences  in  April. — 
List  of  papers  read  before  the  National  Academy  of  Sciences, 
at  the  April  session,  1878: 

Formation  and  structure  of  Alacrane  Reef  on  the  Yucatan  Bank ;  by  A.  Agassiz. 

The  theory  of  waterspouts ;  by  William  Ferbel. 

Report  on  the  orbits  of  the  satellites  of  Mars ;  by  Asaph  Hall, 

On  the  relation  of  Icess  and  drift  to  secular  disintegration ;  by  R.  Pumpellt. 

On  the  characteristic  invertebrate  forms  of  the  central  zoo-geographical  province 
of  the  United  States ;  by  A.  S.  Packabd,  Jr. 

On  an  optical  ocean-salinometer ;  by  J.  E.  Hilgard. 

Preliminary  report  on  the  deep  sea  dredgings  of  the  U.  S.  Coast  Survey  steamer 
"Blake"  during  the  past  winter  in  the  Gulf  Stream  and  the  Gulf  of  Mexico;  by 

AUEXANDEB  AOASSIZ. 

Abrasions  on  the  northwest  coast  of  America ;  by  Geobob  Davidson. 

On  the  law  of  Boyle  and  Marriotte  ;  by  Woloott  Gibb& 

Abstract  of  a  memoir  on  the  intersection  of  circles  and  the  intersection  of 
spheres;  by  Bevjaxin  Alvobd. 

Biographical  memoir  of  Louis  Agassiz ;  second  part  Relating  to  his  life  and 
work  in  America;  by  Abnold  Gutot. 

Biographical  memoir  of  Jeffries  Wyman ;  by  A.  S.  Paokabd,  Jr. 

Plan  for  measuring  the  velocity  of  light;  by  Simon  Newcomb. 

On  the  force  of  effective  molecular  action ;  by  Wiluah  A.  Nobton. 

Remarks  on  the  value  of  the  result  obtained  for  the  solar  peirallax  from  the 
English  telescopic  observations ;  by  C.  H.  F.  Petebs. 

On  the  vertebrate  fauna  of  the  Permian  period  of  the  United  States ;  by  E.  D. 

COPK. 

Report  of  progress  on  the  subject  of  " oxygen  in  the  sun;'*  by  IIenbt  Dbapbb. 
Photometric  comparisons  of  the  components  of  close  double  stars ;  by  E.  C. 

PlCKEBDrO. 

On  the  duplication  of  geographical  names ;  by  F.  Y.  Hatden. 
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Characteristics  of  some  of  tho  lower  spectral  lines ;  by  S.  P.  Lanolet. 

A  now  element  of  the  cerium  group ;  oy  J.  Lawrence  Smith. 

On  the  primary  zoo -geographical  divisions  of  the  globe  and  their  relations;  by 
Theodore  Gill. 

Mr.  Wallace  and  Mr.  Allen  on  geographical  distribution,  with  special  reference 
to  the  alleged  distinctness  of  the  Nearctic  region ;  by  Eluott  Goues. 

On  the  structure  and  origin  of  mountains,  with  special  reference  to  recent 
objections  to  the  contractional  theory ;  by  Joseph  LeCokte. 

Photometric  measures  of  certain  faint  stars  and  satellites ;  by  £.  C.  Pigkeriko. 

Contributions  to  meteorology  (ninth  paper);  by  Elias  LoomiSw 

Recent  displacements  in  Utah :  by  G.  K.  Gilbert. 

On  the  laws  governing  the  movements  of  the  Rocky  Mountain  locusts ;  by  C.  Y. 

RiLET. 

Supplementary  notice  on  the  paper,  **  Whenoe  came  the  inner  satellite  of  Mars/* 
read  at  the  October  session,  1877 ;  by  Stephen  Alexander. 

3.  BuMetin  of  tJieUiiited  StcUes  National  Museum,  Department 
of  the  Interior.  No.  10.  Contributions  to  North  American  Ichthy- 
ology, by  D.  S.  GoRDAN.     No.  2.     120  pp.  8vo,  with  45  plates. 

4.  PayerCs  Manual  of  Industrial  Chemistry ^  edited  by  B.  H. 
Paul.  987  pp.  8vo,  with  698  figures  in  wood.  New  York,  1878. 
(John  Wiley  &  Son). — This  translation  of  Payen's  well-known 
*^  Precis  de  Chemie  Industrielle,''  is  an  acceptable  addition  to  our 
chemical  literature.  We  learn  from  the  title  page  that  it  is  "  based 
upon  a  translation  (partly  by  T.  D.  Barry)  of  Stohman  and  Bugler's 
Grerman  edition"  of  Payen.  The  work  of  the  translator  is  well 
done  and  the  whole  work,  as  a  systematic  treatise  upon  industrial 
chemistry,  has  a  high  value.  To  those  who  possess  few  books  in 
chemistry  the  addition  by  the  editor  of  several  chapters  on  general 
chemistrv  will  be  found  valuable.  The  volume  extends  to  987 
pages  octavo,  and  the  text  is  in  fine  type — too  fine  to  be  convenient 
for  many  readers — so  that  the  amount  of  matter  contained  in  the 
work  is  very  large.  There  are  omissions,  as,  for  example,  the  facts 
relating  to  metal  plating;  those  connected  with  the  zinc  process 
for  silver  production ;  and  some  of  the  recent  improvements  in  the 
sulphuric  acid  processes.  Being  a  French  work,  the  neglect  to  men- 
tion American  methods  in  technology  is  not  a  surprise.  The  work 
is  still  indispensable  to  all  interested  in  the  industrial  chemistry. 

6.  Smithsonian  Iiistitution,  —  The  oflice  of  Secretary  of  the 
Smithsonian  Institution,  left  vacant  by  the  decease  of  Professor 
Henry,  has  been  filled  by  the  appointment  of  Professor  S.  F.  Baird, 
who  has  for  a  long  time  held  tne  position  of  Assistant  Secretary, 
and  is  eminently  fitted  for  the  higher  place  by  his  long  and  active 
experience  in  the  affairs  of  the  Institution. 

6.  American  Association, — The  American  Association  for  the 
Advancement  of  Science  will  hold  its  next  meeting  in  St.  Louis, 
commencing  with  the  third  Wednesday  in  August.  Professor 
Marsh  is  the  President  of  the  Association  for  the  meeting  and  the 
ensuing  year. 

7.  British  Association, — The  next  meeting  of  the  British  Asso- 
ciation will  be  held  in  Dublin.     It  will  open  on  the  14th  of  August 

8.  Rate  of  Earthquake  Wave  Transit, — Under  this  title,  in  the 
Philosophical  Magazine  for  May,  Mr.  Mallet  has  a  reply  to  Gen- 
eral H.  L.  Abbot's  paper  on  page  178  of  this  volume. 
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